Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




SfS^as© 




9in ■ 

of Mr. Willtam Wreden 




fij^^MSl 




gift 

I William Wreden 



LUKZ HJr-)'Cn.L LIBRARY 

GOO P-.^i-uu .-. ..mvE 

PALO ALT J, CALIF. 94304 



-A.:C/h 






V\f7 



OUTLINES 



OP 



HUMAN OSTEOLOGY. 



OUTLINES 



OF 



HUMAN OSTEOLOGY 






f: oI'^^waed. 



*' Tme brevity consists, not in expressing ideas in a tmall $pae«f but in 
conveying tliem in a short time." — ^Authos's Psbfaox. 



Tin n n t.vri u-s 






HENRY RENSHAW, 
356, STRAND, LONDON. 



LOVOOB : 
SATILL, SDWABSB AMD CO^ PB1HTBB8, CHAIfOC£ 

OOTBMT 6ABDBN. 






PREFACE. 



These Outlines of Hnmaii Osteology are submitted, with 
deference, to the Medical Profession, as the result, partly 
of researches in the museum and dissecting-room, prose- 
cuted at intervals during the last five years ; partly of a 
careful perusal and comparison of the best English and 
foreign works on the subject. 

In order to escape as far as possible the influence of 
authority (by which we are unconsciously biassed even in 
matters of mere observation), and at the same time to 
take full advantage of the labours of previous writers, I 
adopted in the composition of this treatise the following 
plan. A minute description of the human skeleton was 
first written, without reference to any other authority 
than that of Nature. This description was subsequently 
enlarged and improved by comparison with the works 
of Oloquet, Cruveilhier, Bourgery, and other standard 
authors. Whatever contradictory statements came under 
my notice in the course of this comparison, were noted 
down, and made the subject of careful research in several 
extensive anatomical collections ; particularly in that of 
M. Alexandre, which afforded me the opportunity of 
comparing nearly two hundred specimens of each bone. 
The results thus obtained were embodied iu the work ; 
and the whole was finally submitted to a close and scru- 
pulous revision. 

With regard to style and language, my principal aim 
in this work has been brevity. But holding that true 
brevity consists, not in expressing ideas in a smaM spacey 
but in conveying them in a 9hort time, I have not tJbs:>i<c^s]^ 
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it inconsistent with this design to dilate ireely npon aotne 
obaonre and diificalt pointB, which have heen paaBod over 
in a few hree by previoua writers. 

The arrangement of the treatise is such that the de- 
scri/ptive and relative anatomy of the hones can he studied 
either separately, or in oonnesion with each other. The 
names of nmacles, nerves, arteries, &c., are unintelligible 
aud perplemig to the beginner who has never diasectod 
nor seen these parts, and who finds the description of the 
bones themselves suftciently complex and difficult to 
require his undivided attention. The advanced student, 
on the contrary, who refers to an oateological treatise, 
merely to refresh bis memory, and to asBOciate his earlier 
with his more recent acquisitions, finds it useful to be 
reminded ot the names of those organs which, either by 
direct attachment, or by proximity, are related to the 
bones. To adapt the work to the necessities of these two 
classes of stndents, all names and details belonging t 
relative osteology have been carefully sifted out of t 
test, and thrown into notes at the foot of each page 
where they are as mnch out of the way of the beginn 
if they were entirely removed from -the work, and 
same time as accessible to the advanced student 
they were allowed to retain their naual position i 
test. The success of Professor Partridge's Ostco' 
Lectures, in which a similar plan is pursued, lead 
anticipate that this method of arraugenicut 
attended by a considerable saving of time and 
the students who use this book. 

In concluding this preface, I would draw tl 
of anatomists to the prejudicial tendency of 
now prevalent in onr medical schools, of disc 
atndy of anaiomicol forms from, that ot 
ncHons and iises. The lectures, and ti 
treatises, from which the stndent derive 
notions of anatomical science, are, with ' 
devoted entirely to the minute descriptior 
afford no information a^ to their fonctio 
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of their structure and configuration. SucH a practice 
cannot be defended on philosophical grounds ; nor is it 
recommended, so far as I can perceive, by any practical 
convenience of tuition ; on the contrary, it has a direct 
tendency to produce id the student's mind a bent towards 
mere technical erudition, as contradistinguished from real 
scientific knowledge and insight. It is true, indeed, that 
organic beings are to be contemplated in the static as 
well as in the d/yncmdc point of view ; at rest, as well as 
in action. But these two orders of inquiry, though per- 
fectly distinct, are, nevertheless, strictly correlative ; and 
the very contrast in which they stand, is such as to imply 
their necessary scientific co-ordination. 

With the view of exemplifying a sounder anatomical 
method, and of promoting its general adoption, I have 
introduced into this work (though put forward only as a 
descriptive treatise), an analysis of the mechanism and 
uses of each organ described, and have even ventured to 
devote about one hundred pages to original observations 
and experiments on the dynamic branch of the subject. 
More space, indeed, would willingly have been given to 
these topics, but for the fear of diminishing the practical 
utility of the work by too great an extension of its limits, 
or too sudden a deviation from established usage. An 
important object will, however, have been attained, if the 
book, as it stands, should procure a more general assent 
to the opinion, that anatomical description and physio- 
logical eonplanation should always go side by side; and 
that the study of facts ought not, in any case, to be dis- 
severed from that of relations and laws. 
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These Outlines of Human Osteology are submitted, with 
deference, to the Medical Profession, as the result, partly 
of researches in the museum and dissecting-room, prose- 
cuted at intervals during the last five years ; partly of a 
careful perusal and comparison of the best English and 
foreign works on the subject. 

In order to escape as far as possible the influence of 
authority (by which we are unconsciously biassed even in 
matters of mere observation), and at the same time to 
take full advantage of the labours of previous writers, I 
adopted in the composition of this treatise the following 
plan. A minute description of the human skeleton was 
first written, without reference to any other authority 
than that of Nature. This description was subsequently' 
enlarged and improved by comparison with the works 
of Oloquet, Cruveilhier, Bourgery, and other standard 
authors. Whatever contradictory statements came under 
my notice in the course of this comparison, were noted 
down, and made the subject of careful research in several 
extensive anatomical collections ; particularly in that of 
M. Alexandre, which afforded me the opportunity of 
comparing nearly two hundred specimens of each bone. 
The results thus obtained were embodied in the work ; 
and the whole was finally submitted to a close and scru- 
pulous revision. 

With regard to style and language, my principal aim 
in this work has been brevity. But holding that true 
brevity consists, not in expressing ideas in a smaM space, 
but in conveying them in a short time^ I have not tb.o\];%lal 
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"Tnia Edition has nndergoce a careful i 
etatoments of fact have been put to the test of a re] 
comparison with the actual facta of Nature ; and I 
that it may maintain the character for truth 
during forty years of service, it haa gradually 
The Introdnution has also b«en extended, and br' 
cloaer conformity with the resulta of recent 
research. The enlarged typographic form 
render it eaaier of perusal than the preceding 
Bhonld my life be spared to see further editic 
I tmst to improve each in 



London, October, 1S75. 



INTEODUCTION. 



1. The Human skeleton consists of a central column, of 
three great cavities, and of four extremities or Imibs, The 
cavities are connected, one with each end of the column, 
and the third with its centre ; and the four extremities 
are attached in pairs, two to the middle, and two to the 
lowest cavity. The column is called the spine; the upper 
cavity the shuTL; the middle the thorax; the lowest the 
pehis; the upper extremities the a/rms; the lower the 
tegs,* 

2. The adult skeleton contains 2Q8 separate pieces ; of 
which twenty-four belong to the spine, thirty to the 
skull, twenty- six to the diest, four to the pelvis, sixty- 
four to the two upper, and sixty to the two lower extremi- 
ties. In this enumeration, the sesamoid. Wormian, and 
other irregular bones are excluded ; as also are the teeth, 
which are organs sui generis, differing from bones in 
structure, organization, and mode of growth. The series 



* Philosophically considered, the cranium above, and the sacrum 
and coccyx below, are prolongations of the spinal column. The 
bones of which they consist are vertebra; modified indeed for special 
functions, changed more or less in their proportions and mode of 
connexion, but still retaining certain general analogies to the pieces 
of the spinal column, which render it impossible to doubt that they 
are all moidded in one common type. These, however, are views 
belonging to transcendental anatomy; interesting as speculations, 
but not of practical importance ; and therefore inconsistent with the 
design ana limits of an elementary work. Some writers, indeed, 
have made a sort of compromise between philosophical accuracy 
and practical convenience, by connecting the tacrum and coccyx 
with the spine, while they describe the cranium as an independent 
cavity. 1 have retained the old division on account of its simplicity 
and clearness ; and forty years' experience of the general approval 
and acceptance of this treatise, and of its constantly widening sale, 
bear witness to the advantage of its present form. Studei^^ 
wishing to enter more deeply into the tranace\id»<D^s^. vs^^^ 'cs^^-si- 
logy, will find a useful gw&ft m li<5i\xaft^ CiW»W^''^'S^^'«^s^^^'^'*' ^ 
the Human Skeleton.** 
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of little bones in the ear, mimite as they Bxe, are ootinted 
&s so man; separate bones ; eave only that the lenti<ntlar 
ear-lione in often regarded as an appendage of the incut, 
and the eph^noidal turbinated of the epkenoid; while the 
Bocrum, the coceijas, hyoldes, gpheno-occipUol, and otLer 
bones originally formed in several pieces which subse- 
quently unite, are counted as single hones. 

The spheno-occipital is divided for convenience into two 
parts, which are naually connted as separate bones. If 
this artificial snhdivision be admitted, there are thirty- 
one bones in the skull, and 209 in the skeleton. 

3. The two expressions OHieoIoffi/ and skeleton, are each of 
them derived from the Greek : the former, from oa-rfov (in 
OTir letters ode<m,), hone, and 'Kayos (in our letters logot), 
Aiaeowrae ; whence the Greek composite name oerrfoXorpa, 
and our transcript thereof, osteology, the ecienee of boneg. 
The expression skeleton is nsually described to meaa 
the general framework, as formed collectively by all the 
bones; but its etymological derivation shows this defini- 
tion to he neither quite correct nor quite complete. The 
word comes from the Greek verb o-jteXXaj (in oar lettarf 
sfcelio), to drjj; andit » only by aid of a series or " set" ' 
imnes, artificially prepared by a desiccating j>rocess, 

& clear view can be obtained of the dimensions, sk 
prominences, depre,asions, articular surfaces, and oi 
pecnharities of the bones. And, without this prehmir 
knowledge, as ita fnndamental basis, the anatomy of 
soft parts cannot be properly pursued. 

4. The forms of the bones, varying with their pu" 
afford a natural elassification into long, short, fl 
mined bones. The long bones form the strong 
the ertreroities ; the nlwrt or cuboid bones are 
where many joints are required, as in the spine 
force is to be distributed over obhqne surfacf 
carpus and tarsus : the fiat bones general) 
walls of cavities, and are exemplified in the 
pelvis. The shapes of these three classes 
sufficiently indicated by their names ; tt 
called because they partake of the charac' 

and of the flat bones, being extended 
dimensions considerably more than in 
are the gtemwnt and ribs in the chest, 
in the skull. 

5. Bone-tissue is composed, in near' 
bj- weight, of organic and inoryaii 

former tenaed bone-cartilage or ossei 
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ing chiefly of tribasic phospHate of lime and magnesia, 
and of common chalk, with small percentages of fluoride 
of calcinm, chloride of sodium, sulphate salts and 
silica. These mineral ingredients do not form granu- 
lar deposits visible to the eye, but are diffused as an 
impalpable fine powder throughout the bony tissue. 
We do not yet know whether the nature of the com^ 
bination be 'of a chemical or physical nature ; though 
experiment has shown that we may withdraw, at will, 
either the ossein of bones, leaving the miueral compounds 
intact, or, conversely, wash out the mineral constituents, 
leaving the ossein behind. In both experiments the mate* 
rial left preserves the original form of the bone, but with 
a very different effect in each case. When the ossein is 
removed, the mineral ingredients are left, robbed of aU 
toughness and entirely inelastic and brittle; whereas, 
conversely, when the earthy compounds are washed 
away, the ossein remains, tenacious and flexible in every 
sense, but having very little resistance to the blade of a 
cutting instrument. For removing ossein, ebullition with 
plain water sufEces ; the effect bein^ first to convert the 
insoluble ossein into soluble gelatm, which is washed 
out ; while dilute solutions of acids decompose the chalk 
and drive out its carbonic acid, and dissolve its lime ; and 
also remove two-thirds of the basic ingredients of the tri- 
basic phosphates, and thus leave soluble monobasic phos- 
phates, which are taken up by the water and carried away. 
6. The interior structure of the bones, as displayed by 
their mechanical section, shows, in different bones and in 
different parts of the same bone, very different degrees of 
substantiality ; some parts, soHd and thick, being called 
eomjpa^it, while others are of reticular or sponL'y disposi- 
tioij, fall of small cavities, and designated celhdar. 
These two forms of bone-structure are shown in con- 
spicuous contrast in the upper end of the femur, when 
cut through the head, neck, and great trochanter, and 
down along the shaft; and this shaft is a cylindroid 
hollow, enclosed by a thick wall of compact bone, of 
oval contour ; and this wall, as it ascends, spreads in 
trumpet-mouth fashion, and thins off to a mere lamina 
of paper-like tenuity, which encloses the articular sur- 
face of the head, and covers the back of the great 
trochanter. From the inner side of tiift ^\i»f&» "wsA^ 
trochanter, the neck of t\ift iettLTxx ^\asAa^ %H3t^^^ 
rooted, in the tiodiaatoT «i\>o^e, ^aA HJxxa ^-iz^-a^SssB^ 
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shaft below ; and the wall of the neck, thick at the 
root, thins off as it advances to the articular head, which 
it carries. Within the large caveroouii flpace thiis 
formed, ia & masH of celhilar bone — partly fibrous, partly 
lamellar, rising under the trochanter in pointed archeB, 
branching and intersectiiig each other ; and, in Bomfl 
parts, thickened into rib-lDte or rafter-like forms, nhich 
afford additional strength ; while other fibres shoot out 
along the neck, and intersect and tie back the fibres that 
support the head of the bone; at intervab between tbeso 
thickened parts, there are light, cavemous spaces, traversed 
only with thread-hke fibrillee, to ^ve lightness and 
expansion where strength is not required at cost of ertra 
weight. And below, in the interior of the shaft, a eimilu' 



1 different examples, the details of this intricate web- 
work vary, it ia verj; cnrioos and beautiful to trai 
amidst the irregularities that seem at lirst to pn 
the operation of a general law — lines of force and 
nesa, lines of elaaticitj; and pliancy, lines of teni 
and lines for distributing shocks. In the great ^ 
cnlar condyles, at the lower end of the femur, similr' 
mechanical principles of adjustment are observed, 
similar explanations, mutatis mutandis, are applici 
And it may be added that the expansion and ligb 
of the ends of the femnr give to the ghding sr 
of the joints wider bearing spaces, less pressu' 
friction ; and, in the various modes of progress!* 
walking and running), the lightness of the limb i 
inertial resistance, at each swing of the limb, 
economizes the runner's muscular energy, and t 
Iiis speed. These facts illustrate the mechanicr 
tages that attend the combined use, in bone-st' 
compact and celhdtir materia! in due relative ■ 
7, The hones are enveloped estemally ' 
fibrous tissne, called the external pei-ioetev 
membrane turns down through the canal 
blood-vessels into the cavity of the bone, an 
interior walls, and forms a more delicat* 
membrane, called the endosteum,, or intern 
The compact parts of bone are ti-aversed b- 
Haversian, which are occupied by blood- 
aud lymphatics. The large cavities of tb 
those of the long-bone snafts, and tbc 
cellular-tissue, are filled with soft matei 
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mon parlance manrrow. This, in the cellnlar tissue of 
bones, abounds in vessels, nerves, and lymphatics. The 
cavities also abound in medAilla — a delicate connective tis- 
sue, traversed b^ blood-vessels, and containing numerous 
cells. In the wide canals of the long-bone shafts these 
cells are filled with a yellow fat. In the fine cancellous 
parts of the bones these cells are granular, but seldom 
contain fat ; but the whole mass is coloured red by the 
abundance of blood-vessels. This sort of medulla is con- 
spicuous in the short cuboid bones, in the extremities of 
the long bones, in the diploe of the flat and mixed bones, 
in the apophyses — in brief, in all the finely reticulated 
parts of the bones ; and these medullary cells have a curious 
pulsating movement, expansive and retractile, resembling 
the motion of the amosha^ and therefore called crnioeibic. 

Under microscopic examination the osseous tissue dis- 
plays two very characteristic features, the matrix and 
the hone-corpibscles. The matrix is a clear cartilaginous 
substance traversed by the Haversian canals, small 
channels referred to aoove. (See Par. 7.) The honch 
corpuscles are minute cavities of lenticular form, 
which send out numerous canaliculsB, radiating, rami- 
fying, and often anastomosing with each other; some 
opening into the medullary canals ; some ending at the ex- 
terior surface of the bones ; some haying pointed, bhnd 
extremities. These canaliculcB contain mmute floating 
bodies, regarded as germs, of osteogenetic properties — i,e,, 
as conducive to the generation of bone. 

The bones are, with few exceptions, developed from a 
cartilaginous skeleton laid down at an early period. The 
cartilaginous bones resemble in form the definitive osseous 
bones which follow; and they have a similar matrix and 
corpuscules. Their transformation from cartilage into 
bone proceeds from certain points, called povnts or centres 
of ossiiication. In these centres appear tubes (cartilage 
canals) filled with a soft cellular mass, which receives 
blood by minute vessels from the perichondrium. The 
cartilage in and around these ossification-centres is 
supplied with lime-salts, and the white, firm character of 
bone appears. Spaces dilate around, filled with medul- 
lary matter containing blood-vessels. The adjacent car- 
tilajge is, in part, absorbed ; and the impregnation with 
lime becomes more complete. The neighbourmff cartilage 
becomes transparent, and shows compressed and fiA>ttjb\^^ 
cells ; to which succeed clear emd. \ax^ «^^^ ^CT^^» v\vNVk% 
b^utiful nudel These cetts at^ «ctwtt%^\siT«w^^ ^eK^»^ 
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rated from each, otter with, vertical trabecnlse of matrix; 
and where these trabecnlaa do not eiist, the c«llfl touoh 
each other. Sometimes the cella Bhrivel, and trana- 
verse tmbeculee stretch ai^roBs like rings of a ladder 
supporting them, forming a, very delicate stractTire. 
Beyond this, lime- sal t-depoeits in granules appear on the 
traboculea; and calcified cartilage appears in the form of 
rings, each sarrounding one or several large cells ; which, 
shrink and appear as eranulea, much smaller and more 
numerous than tlLe cella. Beneath these appear maasea 
of protoplasm, each containing two or more arerago 
nuclei, and many of amallor aize. Next appear ^annlar 
cells, having processes, and forming an epithelium-like 
layer on the trabecular Burfaoes, Herein are eeen 
delicate ccUa, fusiform and stellate, witli other cella 
coarsely granulated, and blood-vessels. 

Such are the anatomical aspects of the ossification of 
cartilage and the development of bone. Whence, how, 
by what activitiea do these changes arise ? These are 
physiological questions, which do not belong to us here. 
Nor have we space to pursue the two other modes of 
ossification, membranous and perioateaL They go too 
far into histological details for our present purpose. They 
may be studied m Strieker's work quoted in the note below, 

8. The reparation of bone, when broken, takes place by 
periosteal ossification. A cartilaginous capsule, called 
the provisional callits, forms in about a fortnight around 
the fractured part of the bone. This callus begins to 
ossify after three weeks, in five or ai: weeks it becomes 
entirely bone. The osaeous case thus Rained acts as a 
splint, adheres to each broken part, and holds them togc 
ther ; while the definitive callus ia forming by osaifioa 
tion between the contiguous ends of broken bone, am 
thus its ossific continuity is restored. Meanwhile, tin 
provisional callus, in proportion aa it is less required 
gradually shrinks; so that at the end of eight or nini 
months, the bone is found to have regained its norm 
size and strength ; and its cavity, which was at F 
obhterated, gr^uaUy reappears.* 

* For a more detailed acconDt ol tlie structure, dRTslopmenI 
reparation of bone, sad its microBCopic features, tlie atudeati 
ferrad to Striciter'a "Manual of Histology," produced by him 
the aid of numaroua collaboratora, and publistied ia England b" 

Ajjpearaoag of the oaaeona tiBBQe, wten aubai\,te4, Va sfi 
BtioroBcqpia exsmiuatioii. 
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8a. The terms used in osteology have reference to the 
size, shape, and situation of the object nnder description. 
Many of them are used in the common sense ; some are 
technical, and require explanation. An articular cavity 
that is hemispherical is called cotyloid; one that is broad 
and shallow is called glenoid ; if grooved like the wheel 
of a pulley, it is said to be troclUea/r ; if nearly flat, it is 
called 2b facet; if deep and conical, it is called a socket or 
alveolus. Of processes, some are serrated, like the teeth 
of a saw ; otners mOfStoid, or nipple-like ; odontoid, or 
tooth-like ; styloid, pointed like an ancient pen ; coracoid, 
curved like a crow s beak. There are, oesides these, 
prominences, tuberosities, tubercles, i/rocha/aters, amd con' 
d/yles ; with li/nes, ridges, crests, &c. ; all of which have 
received accurate definitions, with which, however, we 
shall not trouble the student, as they are not very 
rigidly adhered to in practice. Again, we have notches, 
holes, canals, clefts, and grooves, which require no expla- 
nation ; with sinuses, which are chambers, wnose entrances 
are narrower than their cavities ; and fossce, in which, 
on the contrary, the aperture is wider than the interior.* 
9. The skeleton is placed for description in the erect 
posture ; the toes are turned forward, and the arms hang 
by the sides with the palms of the hands directed for- 
ward, and the thumbs turned outward. Terms expressive 
of situation, as internal, external, and the like ; and of 
direction, blb inward, outward, <&c. ; are used with reference 
to an imaginary line, called the median Ime, which is 
supposed to pass vertically through the head, down the 
centre of the trunk, to terminate between the feet. I 
have found it convenient, in describing the flat bones of 
the skull, chest, and pelvis, to use the terms interior and 
exterior, to intimate the position of their surfaces with 
reference to the centre of the cavity which they con- 
tribute to form ; reserving the terms internal and exterr^l 
to express, as usual, their relation to the median line. 
The direction of a process is indicated by a line, connect- 
ing the centre of its base with its summit ; the direction 
of a surface, whether plane or curved, is indicated by a 
line drawn perpendicular to its centre; the inclination 



♦ Many of these terms are used indiscriminately. TVssm^ *^^' 
sphenoidal fiaaure is also called the Mi\feT\oT\Mi/^x^\ftaJwo.'TO««.\ "^*^^ 
internal orbitar, the round, and t\ie ooii^^\c?A lw>U»^ ^>^^r^ 
eanalg; and the nasal /oma, accoidin^ \o >2icift akS8»m^^a^««^^'^^ ^** 
adled tinutes. 
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of a, Burfoce is indicated bj a line drawn parallel to it. 
GIreat confusion baa been introduced into anatomical 
descriptions, otberniae accurate and perspicuoua (tbose, 
for instance, of Oniveilhier and Cloquet), by using the 
term direeHon, sotnetimea in its proper sense, and some- 
timea to signify the slope or vnctination of a anrface. 
Tbereia another aonrce of ambi^ty against wtich the 
student mnat guard. In describing lie bonea of the 
extremitieB, one ia apt to use the terms internal and ex- 
ternal with reference to the median line of the particnlar 
limb under examination ; to consider a sabcntaneans 
Barface external, and one that ia buried under mnscleB 
in the centre of the hmb, internal. This meaning ia 
never admitted ; the subcutaneons snrface is internal, 
if (aa in the tibia) it be neaiCBt the median Hue of the 
body ; and the deep surface is external, if moat remote 
from that line. 

Sa. The surfaces by which bones unite are called arti- 
eular; and the place of junction, or joint, between ajiy 
two bones, with its accompanying apparatus of ligament 
cartilagea, synovial membrane, &c., is called au articula- 
tion. The knowledge of the a:rticulationa involves that 
of the ligaments ; a study which requires dissection. For 
this reason the study of the joints has been separated 
from osteology, and made a distinct brancli of ttte 
science. As, however, we shall occasionally have to 
allude to their mechanism, a list ot the claases into 
which they are divided, with their namea and distinctive 
chara<^rs, is subioiued in a tabular form. (See pp. 7 and 
8, infra.) 

10. Prom these general explanations we proceed to 
the demonstration of the individual bones, which will be 
deacribed in the following order ; first, thoae ot the 
spine, or centi^ column of the body ; next, those of the 
tiiree great cavities, sktUl, thoTtuB, and pdvii, in ancc^- 
aion ; and finally, those of the extremities, av)perior and 
in^erioT, 
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9 
CHAPTER I. 

OP THE SPINE. 

11. The spine is a flexuous column, consisting of twenty- 
four segments, called vertehrce, whose slight motions on 
each other give it considerable pliancy. It consists of two 
parts, which differ in form and fanction; an anterior, 
solid, for support : a postei'ior, hollow, for reception. The 
anterior solid part, or pillar, rests on the pelvis below, 
sustaining the chest in the middle, and the head above. 
The posterior cavity, or canal, lies parallel to the pillar, 
lodgmg a nervous cord,* which extends from the head to 
the sacrum, at the lower end of which it dwindles and 
disappears. Each vertebra, therefore, presents a segment 
of a pillar in front, a segment of a hollow cylinder behind. 
The former is called the hodnf, and the latter the arch. The 
arch is formed by two pedicles and two lamince ; it sup- 
ports seyen processes, presents four notches, and, by uniting 
with the body, forms the vertebral hole. These sevenQ 
parts present, in every vertebra (with certain exceptions, 
which will afterwards be given), the following characters. 

COMMON CHABACTEBS OP THE VEBTEBBJS. 

12. Body. Convex from side to side, and concave from 
above downward, in front ; flat from above downward, and 
slightly concave from side to side behind, where it con- 
tributes to form the vertebral foramen ; above and below, 
slightly concave, bordered with a kind of rim, and marked 
with the rough impressions of the intervertebral fibro- 
cartilages (13). The body presents several large vascular 
apertures behind, and a few smaller in front. As the 
spine tapers from below upwards, in a general sense, but, 
in some parts, tapers in the opposite direction, so also, of 
course, the body of each vertebra, tapers upward or 
downward, according to its position in this osseous chain. 
Pedicles. Project backward from the body, one on each 
side, at the upper part of the line of junction between the 
posterior and lateral surfaces. They form part of the arch, 
support theprocesses, and connect them with the body. 
Notches. Four in all. Two scooped out of each pedicle ; 
one above, the other below. The lower are always the 
deeper. The notches, by their union, form the interveV' 



* The spinal coxd. 
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iebrai foramina (26). Poocbsses. Four articular, tluee 
non-wtioTiior. 
Artiadar. 

Two »«^erior, baving an artictdaT surface always 
directed more or less backward. 

Two inferior, also a, little posterior to the former, 
Iiaving an articular uurface, always directed more or leaa 
forward. 

Non-aiiictilar. 

Two f ramsnerM, paesing outward one on each side, from 



the point where the articnJar proceaHea join the pedicle. 

One spimoiis, projecting backward mm the centrt 

the arch, li/imss. The two plates oi bone which o 



b the BpinoGH procesB with the pedicIeB. They c 
plete the arch posteriorly, and may be regarded as the 
bifurcated root of the spiuous process. HotE. Bounded 
in front by the body, behind by the arch, i.e. by tha 
pedicles and Iwmmm. 

13. SiRUCTDBB, Body ceUolar, procesaes compact. 
Detblopment. By three points : one for the body, two 
for the arch. The tips of the processes are at first carti- 
laginoOs, then ossify and form separate epiphyses,* and 
Bubsfequeutly form an intimate union with the rest of the 
bone. ARiiccLiTiONS. Each vertebra artionlatea, by ita 
body and articnlar processes, with the vertebrte adjacent. 
A substance, called the intervertebral fibro-cartilafre, which. 
is eliiBtic, like a cnahion, in the middle, tongh and fibroui 
at the circomference, is interposed between the bodies, 
binding them together, and allowing them aome play both 
in the lateral and longitudinal directions, whde the 
artictdar proceasesgUde ou each other by their cartfla- 
ginoua auriaces. The body, laniinaa, and procesaea are 
DCnmd together by ligamenta. 

14. Of the twenty-four vertebrse, twelve are connected 
with the ribs, and contribute to form the thorax. These 
are oalled dorsal. Above the dorsal are aeven amallar, 
belonging to the neck, and called cervical; below the 
dorsal, five larger, belonging to the loina, and called 
Ivmbar. The vertebne of each region are distinguished 



• An eplphniia is a procexB devcloprd us a distinct piece, and 
rsmsining for Bonifl time movable on the body of tbo bunu, by Iho 
intarTeutioa of cartilBge ; an apophyiia is a prcneBa iheX Iiilb never 
been acparBts from, or moTatilu upon, the bona to which it belonga. 
""-- ° -■ ' — '- derived from ^rutum^, an ot-ctution, something 



that grows fo another: the second from anohKnc, s: 

MmBthiug that growaftvm aoother. ' m. 
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by peculiar characters. But as every vertebra bears a 
pretty close resemblance to the vertebras immediately 
above and below it, tbe several regions merge, by an in- 
sensible transition, into each other ; tbe seventh cervical 
assuming many of the characters of a dorsal ; the twelfth 
dorsal, of a lumbar. 

COMMON CHABACTEBS OF THE YEBTEBRS IN EACH BEGION. 

15. Lumbar. The largest of the vertebras. Body. 
Greatest dimension the transverse ; flat above and below ; 
thicker before than behind. Pedicles. Strong, and 
directed straight backward. Notches. Deep and large, 
especially the lower. Pbocesses. 

Articular. 
The two superior are concave, look inward as well as 
backward, and are further apart than the 

Two inferior, which are convex, and directed outward 
as weU as forward.* 
Non-articular. 

Tram^sverse. Thin, long, directed a Httle backward; 
sometimes terminated by an epiphysis, like a small rib. 

Spi/fious, Broad, square, horizontal; thicker below 
than above. Lamina. Broad and strong, but short. 
HoLE^Triangular ; wider than in the dorsal, smaller than 
in the cervical Tegion. 

16. Do EisAi. Next in size to the lumbar. Body. Some- 
'Y^hat triangular in form ; most extended in the antero- 
posterior dmiension, and thicker behind than before. Its 
posterior surface is concave transversely ; on each lateral 
surface, near the root of the pedicle, are two demifacets — 
one above, the other below — which, in the recent state, 
are covered with cartilage. When two dorsal vertebraa 
are applied, the upper facet of one and the lower of the 
other loin to form a single cavity, which receives the head 
of a rib. Notches. Smaller than in the lumbar, larger 
than in the cervical. Pbocesses. 

Articula/r. 
Flat ; the two superior are directed upward and oat- 
ward, as well as backward, and are very httle in advance 
of the inferior, which have the opposite direction.. 
Non-articular. 

Tra/nsverse. Long, thick, directed backward and a little 



* It is a general rale that the upper and lowei ve^^csq^bx ^^t^^ 
eesses of any vertebra look in op]^aite dixec\ioiiA« 
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upward, as well as outward, with, a dabbed eitremi^, 
bearine a concave cartilaginouB facet, which is directed 
forward, outward, BJid upward, to articulate with the 
tuberosity of a rib. 

Splnojie, Lang, inclined downward, prisniatic, tuber- 
cular at the end. LiMiNS. Broader and thicker than in 
the cervical Foiiambn. Bound, or elightlj oval, aad 
smaller than in the cervical and lumbar. 

17. Obbvical. The smallest of the vertebra. Body. 
Greatest dimenaion transverse, thicier before than behind, 
and on the sides than in the middle. Its posterior surface 
is fiat ; its upper surface is very concave transverBelT, 
slightly convex from back to front, with a little lip project, 
ing upward on each aide ; its lower surface presents 
opposite characters, being convex transversely, concare 
from before backward, and furnished on each side with a. 
shallow depression, to receive the corresponding Up of the 
adjacent vertebra. The lower surface of eaSi cervical 
vertebra ia smaller than the upper surface of the vertebra 
below, being embraced, when in situ, by the hps of the 
latter. Thehodyis here also on a lower level, with regard 
to'tho processes, than in the dorsal and lumbar regions. 
Pedicles. Directed very much outward, so as to irive the 
arch a wide sweep. Notches. More equal in depth above 
and below than m the dorsal and lumbar regions. The 
npper is continuous with a groove in the transverse pro- 
cess. Processes. Articular. Upper. Flat, Oval, directed 
upward and backward. Lower. Some characters, o^iposite 
direction. Noa-ariiciilar. Transverae. Short, directed 
forward and a little downward, as well as outward; bifid 
at the summit, marked above by a groove, which runa 
downward and outward from the upper notch, aud lodges 
a nerve,* perforated at the base by a hole for the trana- 
niission of an artery .f It arises by two roots ; a posterior, 
larger, attached to the pedicle ; an anterior, smaller, con- 
nected with the side of the body. It is between these 
that the arterial hole occurs. Spinoue. Short, slighilT 
inclined downward, terminated by two branches, which 
are often unequal in size. Lamtn.*. Narrow, long, thinner 
above than below, and inchned so as to imbricate over those 
of the subjacent vertebra. TERTEBRiL hole. Very large, 
and of theformof a triangle, with its sides slightly curved, 
and its angles rounded. It is more estensive below than 
above, on account of the inclination of the lamina. 



• Oae ol the spuud, ^ '^ etWooi. 
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DEVIATIONS FROM THE BEGTTLAB. FORM IS CERTAIN 
VERTEBRiE OF EACH REGION.* 

18. Of the lumbar vertebrae, the fifth is peculiar in baving 
a body whicb is mucb thicker in front than behind, on 
account of being bevelled off, so as to form with the sacrum 
the sacro-vertebral an^le. The fourth is also a little 
thicker before than behmd. The transverse processes of 
this region vary in length. In the following enumeration 
the lumbar vertebrae are arranged according to the length 
of their transverse processes, proceeding from longest to 
shortest: — third, fourth, second, first, fifth. Hence it 
appears, that the longest transverse processes are in the 
middle of the region, the shortest at its two extremes. 
Those of the fifth lumbar vertebra are of a conical form, 
and, though the shortest, very strong for the attachment 
of powerful Hgaments.f 

19. Of the dorsal vertebrae, the first, ninth, tenth, 
eleventh, and twelfth are distinguished. First Dorsal. 
Body. Largest transversely, upper surface concave and 
lipped like a cervical (17). Instead of a demi-facet above, 
it has an entire articulating surface, besides which it has 
the usual half facet below. Spinous process. Thick, long, 
horizontal. Ninth Dorsal. Body. No demi-facet below. 
Tenth Dorsal. Body. An entire articular facet above ; 
no demi-facet below. Eleventh Dorsal. Body. Large 
like a lumbar, with a single entire articular surface on each 
side, instead of the two aemi-facets. Processes. Troms- 
verse. Very short, no articular surface at the extremity. 
Twelfth Dorsal. Same characters as eleventh; slall 
more like a lumbar, transverse processes shorter, lower 
articular processes convex, and turned outward like those 
of the lumbar. 

ThiB fourth is the smallest dorsal vertebra. They 
increase in size from the fourth downward to the twelfth ; 
and from the fourth upward to the first. Their spinous 
processes become shorter and more horizontal from the 
eighth downward. 

20. Of the cervical vertebrae, the first, second, and 
genenth are peculiar. 

21. First Cervical, or Atlas. Has no hody, spinous 
process, nor pedicles. It consists of two lateral ma&ctfb^^ 



• The peculiar or distinctive points oiAy kto Tio\Mi«iV\n.H^^waeass5^ 
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connected by a small arch in front, and a larger beWnl^ 
The ring thua formed may he divided into lifths, of wMoh 
each lateral mass occupies one, the anterior arch one, 
and the posterior arch the remaining two. Antehioe or 
Lessbs Auch. May he regarded as the front of a both/, 
all the hinder parta of which have been removed to make 
room for the odontoid prooesH of the second vertehra, (22). 
Anteriorly the leaser arch is convex and tubercolai; j 
posteriorly it is concare, and marked in the middle with 
an oval smooth snrface, which articnlates with a aimiltU' 
one on the odontoid process. It has a, thin border above 
and below. Posieaioa or GaEATBB Abcet. TerminateB 
behind in a tubercle, which represents the spinous prooess, 
and gives origin to a mnscle.* Above, it preeentg 
poderiorly a rounded edge ; anteriorhi, two grooves, one 
behind each lateral mass. These are sometimes converted 
into perfect liohshj a little process of bone. Eachtrana- 
mits an artery,t which comes up through the hole in tho 
transverse process, and curls round backward and inward 
behind the lateral mass. It also transmits a nerve.^ 
The posterior arch presents, below, two other grooves just 
opposite to the last-mentioned, and situated, like taem, 
behind the lateral masses. These grooves represent tlie 
notches of the atlas, and they are peculiar in lyingbehind 
the articular processes. Latehal Masses. Present, 
above, the e-uperior, and below, the inferior articular 
processes; mieniailu, two taierclee (one on each), for the 
attachment of a l^ament,§ which, stretching acroaB, 
divides the ring into two paxts ; and externa^, Ute 
irangveree procesees.l]^ ^*"'S', strong, not bifurcated, bo^ 
clubbed at the sumnut, inclined downward, and perforated 
at the base by a canal directed from below upward, back- 
■wtai, and outward. AaTicnLAH. Proobssbs. Sup^or. 
Large, concave, oval, longest diameter from before batik* 
ward, nearer together in front than behind by nearly a 

Suarter of an inch, directed upward, inward, and a litUo 
ackward, and articulated with the condyles of tie occiput. 
Inferior. Circular, slightly concave, directed dovtnwaid, 
inward, and a, little backward, and articulated with the 
axis, on which the atlas rotates. Develofuent, By three 

* Bectas ckpitis posticus minor, 
t Vertebral. : Bub-occipltal. ! TranBVerae. 

I TbesR proccBaoB giva utlachment to the BupuriorHad inferior 
oirliqae muBciea. 
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points, one for tlie anterior arcli, and one for each lateral 
mass. Sometimes there are two more for the posterior 
arch ; making five points of ossification in all. 

22. Second Cervical, or Axis. A strong triangular 
vertebra, with a ho&y whose anterior surface is deeper than 
the posterior, and marked with a ridge in the middle, 
separating two lateral depressions, for the insertion of 
mnscles ;* while its upper surface presents in the middle a 
strong, vertical, bluntly-pointed, tooth-like eminence, called 
the odontoid process, which passes up into the anterior 
division of the ring of the atlas between the lateral masses. 
This process has a smooth oval surface in front to articulate 
with the atlas, another behind to play on the transverse 
ligament, and is rough above for the attachment of 
Hgaments.f On each side of this process the upper surface 
of the body presents a roimd, &ghtly convex, articular 
surface, directed upward and outward, and supporting the 
atlas. These, the superior articularprocesseSf are anterior 
and internal to the lower ones. They are remarkable in 
being supported partly by the body, partly by the pedicles, 
and partly by the transverse processes. Superior Notches. 
Superficial, and placed hehmd the corresponding articular 
processes. Transverse Processes. very small, not 
bifurcated, nor grooved; the arterial hole runs very 
obliquely, upward, outward, and backward. Laminae. 
Thick and prismatic. Spinous Process. Large and 
strong, deeply channelled underneath, and tubercular at 
the extremity for the insertion of muscles.t Vertebral 
Foramen. Kidney-shaped. Development. The axis has 
an extra point of ossification for the odontoid process. 

23. It IS chiefly to the two first vertebrae of the neck 
that the head owes its extensive mobility. Nutation and 
extension of the head are performed by the motion of the 
occipital condyles upon the cup-like articular surfaces of 
the atlas. In rotation of the head from side to side (as in 
looking back over the shoulder), the atlas turns round npon 
the pivot of the axis, carrying the head along with it. The 
first is a hinge joint ; the second resembles a mortice and 
tenon. Their motions may be performed separately or 
simultaneously ; being independent both of each other and 
of the slight movements which take place between the 
remaining vertebrae of the neck. It is from the combined 



• Longi colli. \ ^^<c^D^wA« 

t Becti capitis postici ma^ores^ Mi^ cJtAVo^VoXBnsstw'^* 
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or sncceaeive actions of tliese Heveral joints that X 
diverHified motiuus and poatures of the be&d result. 

24. Sbybnth Cervicu. Vertebra. Large ; Bjiinout 
procesB long, thick, and not bifnrcated; holes in the 
traiiBvcfsB processes small, irregular, and often wanting. 
This vertebra has aometimea two little epiphyses, in form 
and eituation resembhng mdimentaiy ribs, and remaioiii^ 
separate to the age of five or eix years. These iKimetimea 
extend outward an inch or more on each side, becoming 
aiialogoua to the cervical ribs of certain animals. 



25. Size and Disection. To the len^h of tha 
vertebral colnmn, which ia a third of the entire height of 
the body, the Ininbar region contribatea seven parte, the 
dorsal eleven, the cervical five. The Inmbar, and the nine 
lower doraal vertebrie, form a, truncated pyramid whose 
base rests on the sacrum. The air lower cervical form 
another truncated pyramid, whoae baae reata on the first 
dorsal, and whose summit is surmounted bv the atlas, 
on which again is balanced the globe of the craninm. 
Between these two pyramids, and extending from the 
base of the npper to the aummit of the lower, intervene 
the four superior dorsal vertebne, which constitute a 
third, but inverted pyramid. Thus, though the whole 
column preaenta a cone whoae baae ia aomewhat mote 
than double the diameter of the summit, yet this general 
pyramid is composed of three subordinate pyramida. The 
spinal colnmn ia concave anteriorly in the dorsal region, 
^ere it contributes to form the chest, convex antenorlj 
in the neck and loins. It has also a alight lateral curva- 
ttire, the convesity of which is generally directed towards 
the right side. It presents for examination four s^i/rfaeat, 
a. iate, a tmnanit, and a vertabral canal. 

26. SnBTACES. Anteritir.* Presenta the anterior anr- 
faces of the bodies of the vertebrte, narrow in the doraal 
region, wider in the cervical, widest in the lumbar; 
convex from above downward, above and below ; concave 



• Tbis Burlace of the Bpine is covered liy tliB anti 
lig&ment ; it corresponds m the cervicBl ragioa lo the recti capitis, 
kadci majorcB, uid lonei colli ; in the doreal ntgioQ to tliD vem 
Biygos DD tbe right side and the aorta en ths left ; and in tha 
Imntwr region tO the crura of the diaphragm, the vena cavn, the 
BbdomitMl aorta, and the lumbar ganglia of the Bpupathctic. 
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from above downward, in tlie middle ; everywhere convex 
transversely. Posterior. Presents in the median line the 
spinous processes, horizontal above and below, inclined 
and imbricated in the middle, separated by large in- 
tervals in the loins, by smaller in the neck, by smallest 
of aU in the back. These intervals are closed in the 
recent subject by Hgaments.* Immediately external to 
the row of spines, is seen on each side the vertebral groove, 
formed by the laminae only, in the neck and loins, where 
it is shallow ; by the laminsB and transverse processes in 
the -back, where it i& deep. It gradually contracts in 
width from above downward, and in the recent state is 
filled by muscles. f External to the vertebral grooves are 
seen the articular processes, and external to these the 
transverse processes, which in the dorsal region indicate 
the line of junction between the posterior and lateral 
surfaces. The dorsal transverse processes stand back on 
a plane posterior to that which is occupied by the trans- 
verse processes of the cervical and lumbar vertebrae; 
which latter evidently belong to the lateral regions of the 
spine, though not usually referred to them by anatomists. 
Lateral, Divided from the posterior surface, in the neck 
and loins, by the line of articular processes, in the back, 
by the line of transverse processes. Present, in front, the 
todies of the vertebrae, marked in the dorsal region with 
the articular cavities which receive the heads of the ribs. 
Behind the bodies appear the intervertebral foramina, 
formed by the apposition of the notches, oval in shape, 
considerably larger in the lumbar than in the cervical 
region, and a little larger in the cervical than in the 
dorsal. They are situated between the transverse pro- 
cesses in the neck, anterior to them in the back and loins. 
With the exception of the first pair (between the atlas 
and axis), they are anterior to the aniicular processes. 
They transmit nerves.J In the cervical region the trans- 
verse processes project between the intervertebral fora- 
mina, and present a series of holes, which form a 
canal for the reception of an artery.§ In the lumbar 
region they stand on a plane posterior to the inter- 
vertebral holes, but anterior to the articular processes. 



* Ligamenta subflava. 
t Longissimns dorsi, sacro lumbalis, semispinalis dorsi, xnnltifidi 

X The spinaL S The vertebnl. 
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(Jn the dorsal region they are poBterior both to 
vertebral holes, and to the articular proceBses. It is only 
ia the two former regions that they Belong to the lateri 
Bnrtace of the spine.) Base. Presents the lower aurface 
of the fifth lumbar vertebra, which has been already de- 
Bcribed. (18.) Suitmit. Presenta the npper aspect of the 
Btlas, already described (21). At each eitremity app^ra 
the orifice of the VBRiEnaAi. Oinai., This canal following 
the flemosities of the spine, opens inta the cranium above, 
into the aaeral caaal below. Wide and triangular in the 
neck and loins, it is narrow and rounded in the bact.* 

27. Uses. The vertebral colnmn ia a remarkable piece 
of mecbaniem. Strong enough to support several hundred 
weight, yet pliant and elastic ; funusbed with levers and 
muscles, by which it is bent in every direction, yet lodging 
an organ snHceptible of injury from the slighteBt pressure; 
formed, for lightness, of a looae and reticular tisBue, yat 
capable of sustaining, without fracture, shocltH, strami^ 
and contortions, of considerable violence : this cohmm 
certainly combines the most opposite qnaHtiea, and 
performs functions apparently incompatible. 

It transmits the weight of the head and trunk to &B 
pelvis and lower extremities ; is the seat of all the motions 
of the tmnk ; gives passage to the spinal nerves ; and 
affords attachment to numerous muscles and ligoments.'f' 



CHAPTER II, 
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28, Tub stull, a strongly framed cabinet containing 
several organs whose security from concnssion is essen- 
tial to life, rests, poised aa on springs and cushions, at the 
Bummit of the vertebral colnmn. It ia divided into two 
parts: the cranium, above and behind, the/otw below mi^ 

The former consists o£ eight, the latter of fourterai 

• It contains the Bpinfti cord and its appendageB. 
t Thesa am so numOroDB, and tliflir attjwiinients bo complicated 
that anything short of a compltts description would bo of littl* 
service, even to the &dvauced student i wLg is thereiure referie5 
lo UestlBeB on my ology. 
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"bones. Besides tHese, tlie Head contains six ossicnla 
{wditus, thirty-two teeth, and several irregular pieces. 

OP THE CRANIAL BONES. 

*29. Fonr are single and median, the occipital behind, 
the frontal before, the sphenoid and ethnwid interposed at 
the base ; fonr lateral and in pairs, the i^RO jpa/rietal above, 
the two temporal below. 

OP THE OCCIPITAL BONE. ' 

30. This bone is sitnated at the posterior and inferior 
part of the cranium, and resembles in shape a lozenge, 
curved upon itself. It has a posterior vertical, and an 
anterior horizontal portion ; and presents for examination 
two surfaces, four borders, and four a/ngles. 

31. SuefaceS. Exterior. Presents, beginning at the 
summit of the vertical portion, and passing round the 
bone downward and forward — first, a smooth surface, on 
which in the recent state a muscle* plays ; secondly, the 
exterior occipital tuberosity, an eminence which is situated 
half way between the summit of the bone and the foramen 
magnum, and gives attachment to a ligament ;t thirdly, the 
exterior occipital crest, a ridge passing from the tuberosity 
to the foramen magnum; fourthly, the two superior 
cv/rved limes, rough semicircular ridges passing outward, 
one on each side, from the occipital protuberance ; fifthly, 
the two inferior curved lines, passing outward parallel to 
the former from the middle of the crest (these ridges, with 
several rough depressions that lie between them, give 
attachment to muscles ;J) sixthly, the foramien magnum, 
a large elliptical hole, with the longest diameter from 
behind forward, and with a rounded shelving margin that 
renders it more extensive above than below ; (it transmits 
several important organs ;§) seventhly, on each side of 



* Occipito-&ontalis. t Ligamentnm nuchae. 

X The superior curved line gives attacliment by its internal third 
to the trapezius, by its external two-thirds to the occipito-frontalis 
and the stemo-mastoideus. The depressions between the semi- 
circular lines attach the complexus internally, the splenius capitis 
externally. The inferior curved or semicircular line, and the 
depressions below it, give insertion internally to tha x^*:^ ^a:^§<5!Q^ 
postici, majores and minores, extemsAiy \o \)[i«> cJc^qjqcl^vk^tvws^*. 

§ The spinal cord and its eiive\o]^B,\^e -^wXi^ots^ «evBnw^^>!^^ 
22i0 apintd accessory nerves. 
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ir together in front than behind, roach vithis 
for the attaxihrnent of ligaments,* emooth and cartilS' 
ginons helow for articulation mith the atlas, and bonnded, 
externally by a rough tubercular surface for tho attach- 
ment of a. mnaele.t before and behind by the antaior and 
poaterior condyloid foeeis ; deprcsaionH perforated byhol«, 
or rather canals, which are called aft«r them the anterior 
and poeterioT condyloid foramina. — The anterior w»- 
dyloid foramma are always -preBent, they run from the 
bottom of the anterior condyloid foBsae upward, inward, 
and backward, to terminate in the interior of the cranium, 
at the margin of the foramen magnum : each transmits a 
nerve. I The posterior arc lesa regular in siae, and often 
waoting on one side or both ; they run from below, up- 
ward, forward, and a little outward ; and open above, near 
the notch which contributes to form the foramen lacemm 
poateriua : (69) each transmita a small artery and rein i — 
eighthly, in front of the foramen magnam is the boMof 
iwrface, rouph, horizontal, broader behind them before, 
and presenting, in the middle a longitudinal ridge called 
the pharyngeal gvine.^ on each aide depressions for the 
insertion of mnscles.JI 

Interior or Cerebral. Concave and amooth ; presents 
near the middle of the vertical portion the interior oeei- 
vital taberosi^, exactly opposite to the eit«rior occipital 
taberositv. "niia central eminence is the point wIiotb 
three wBll-marted venous channels meet ; one vertical, 
called euUue longitiuiinaliB ; two tranaverse, called gulci 
traTigversales or lateralea ; the former passing upward to 
the superior angle of the bone, the latter outward to its 
lateraf angles. The longitudinal channel, which gene- 
rally hea aomewhat on the right of the median line, lodges 
a large venous canal,^ and its margins attach a fold of 
fibrous membrane.** 

The transverse channels likowise lodge large venoDB 
canals,tt ^^^ their margins attach another fold of fibrous 

■ Tho odoDtoid. 
t KeotUB capitis iateralia. t Ninth, or hypoglossal. 

J This sMaebeB the lendinouB raphe of tlie pburjni. 
Bmti eapitia aDtici, maiores and minores, bcliiud; superior ooa- 
Stnetor of tlie phurjiii in front. 
% Longitudinal siuna. •• Falx major ol dura mater 

tf The Iftteral sinuses. 
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membrane.* Where these three channels meet, which 
is usually a little to the right of the interior occipital 

Srotnberance, there is a depression in the bone.f Passing 
ownwards from the interior occipital tuberosity to the 
foramen magnum is the interior occipital crest, a sharp, 
smooth edge, bifurcated below, corresponding in situation 
to the exterior crest, and giving attachment to a fold of 
fibrous membrane.J The channels, and the crest, just 
described, divide the interior surface of the vertical 
portion into four fossae; two superior, called cerebral 
fosscB of the occiput; and two inferior, called cerebellar 
fosssB of the occiput. The cerebral fossas are separated 
from each other by the longitudinal sulcus, and bounded 
below by the transverse sulci ; they are smaller than the 
cerebellar fossae and marked with cerebral impressions.§ 
The cerebellar fossae are separated from each other by the 
interior crest, and from the cerebral fossae by the trans- 
verse sulci; they are larger than the former, and per- 
fectly smooth. 1 1 All these fossae present arterial im- 
pressions. In front of the crest is the interior opening 
of the foramien magnum, more extensive than the exterior. 
On each side of the foramen magnum are seen the in- 
terior orifices of the condnjloid foramina, those of the 
posterior external to those of the anterior, and sur- 
mounted by a little bony arch. From the posterior 
condyloid foramen on each side, a short but wide groove 
runs backward and outward; it lodges part of the same 
venous canal which is contained in the transverse groove, 
but its relations can only be understood when the cranial 
bones are united. (73.) In front of the foramen magnum 
is the basilar groove, a shallow longitudinal depression, 
which slopes from behind upward and forward, and lodges 
an important part of the nervous system.^ The narrow, 
horizontal portion of the bone on which this depression 
occurs, is called the basila/r process of the occipital. This 
process presents on its upper surface, besides the basilar 
groove, a narrow channel on each side, which unites with 
a corresponding channel on the petrous portion of the 



Tentorium cerebelli. 
t For the reception of the torcular Herophili. 
The falz minDr of the dura mater. 
They receive the posterior lobes of the cerebrum. 
They lodge the hemispheres of the cerebellum. 
Medulla oblongata. 
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temporal bone to form the inferior petrosal groove ; ■ 
lodges a, Tenons canal (of the aame name). 

32. Akoles, The superior is acute ; the inferior is 
tnmcated, being represented by the square anterior 
aurfaee of the basilar process ; thie anrface in the child ia 
articulated with the sphenoid by cartilage, but forms a 
perfect osseooa nniou with it iu the adiilt. The laterid 
angles are very obtuse, and correspond in situation with 
tbe outer ends of the transverse grooves. 

33. BoKDERS. Superior. Estends from the lateral to 
the upper angle ou each side, is deeplj' denticulated, and 
articulates with the parietal. Infertor. Extends from. 
the lateral to the inferior angle on each side. It ia 
divided into two parts by the Jugular process, a short 
stout eminenca which projects outward on each side, and 
has a square cartilaginous surface at its extremity, to 
articulate with a corresponding surface on the petroua 
portion of the temporal bone. (61.) Between the jugular 
procesB and the lateral an^le, the occipital articulates 
with the mastoid portion of the temporal. Between the 
jngular process and the inferior angle, the in/mi^r mareia 
presents from behind forward, first, a nofcA, which, with 
a similar one on the petrous portion of the temporal forms 
tixeforamen lacerum poateriue ; this notch is often divided 
by a little bony process into two parts ; secondly, the aida 
of the basilar process, which ia rough and broad, slopes 
from behind forward and inward, and articulates with the 
petrons portion of the temporal. These two inferior 
borders instead of meeting to form a true inferior angle 
are separated by a square surface, which has been already 
described. 

34. SiftUCTtTEB. Of a cellular tissue called tbe diplog, 
between two compact layers, called the exia%or and in- 
terior ioMee. The i/ntenor, from its extreme hardnesa 
and density, has been called the ■vitmo-us tahle. "He 
emterior is less dense, but tougher.* 

The occipital is thick at the ridges, protuberances, 
oondyles, &«., but in the centre of the fossce it is so thin 
as to be semitrauspareut ; at these points it is destitnte 
of diploe, and its two compact tables come into contact. 
Devbix)pment. The Tertioal portion is developed by four 
centres of ossification, which unite, long before birth, at 
the protuberance. The horizontal portion ia developed 

* This description applies to the flat cranial buaoa in geaeral. 
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by three ossific points, one for eacli condyle and a third 
for the basilar process. Besides these seven regular 
points, an additional one is observed occasionally, in the 
posterior part of the margin of the foramen magnnm. 
Aeticulations. With the parietal, temporal, sphenoid, 
and atlas, by the points mentioned. 

OP THE SPHENOID. 

36. The Sphenoid is a wedge-like bone, situated at the 
aaiterior part of the base of the cranium, and articulated 
with all the other cranial bones, which it binds together, 
BO as to contribute materially to the strength of the 
cranium. It has been compared to a bat with the wings 
extended ; and, for convenience of demonstration, may be 
divided into body, or central part; greater wings, and 
lesser vrmgs, extending outwards on each side; and 
pterygoid processes projecting below. 

36. Body. Is in the adult continuous, behind, with the 
basilar process of the occipital (for which reason Soem- 
mering and Meckel have described the spheno-occipital as 
a single bone), and presents for examination six surfaces. 
SuKJACES. Superior or cerebral. Presents from behind 
forward — first, a square lamina, inclined forward ; whose 
posterior aspect presents a shallow depression, continuous 
with the basilar groove of the occipital; whose lateral 
borders are notched for the passage of a nerve ;* and 
whose two upper angles terminate in two eminences^ 
which vary in size, shape, and direction, and are called 
the posterior cl/moid processes ;t — secondly, a deep depres- 
sion called the pituita/ry fossa, or sella turcica, which is 
bounded behind by tne lamina that has just been 
described, perforated, during early hf e, with many Httle 
foramina, which transmit nutritious vessels to the bone, 
and filled in the recent subject by a peculiar appendage of 
the brain ;t — ^thirdly, a small tubercle called fiie oUvanry 
process ; — rourthly, a shallow transverse depression, which 
ends at each side in the optic foramen : it lodges a nerve,§ 
and is called the optie groove : — fifthly, a smooth surface, 
presenting in the median line, a shght longitudinal 
eminence separating two shallow depressions, which 
receive two nerves. || This surface is prolonged forward 

* External oculo-muscular. 
f They attach the tentorium cerebelli. 
X Fitnitary body. $ Optic commissure. || Olfactory^ 
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into a sharp angle, wbioh. articolatea with tlie e' 
bone, and is called the ethmoidnl proceat. On each eide 
of the body, jnat externa,! to the sella turcica, there Ib a 
ahallow depression, ■which firet paases from behind and 
below, verticaUy npward ; then rona horizontally forward ; 
and then bends npward again. It lodges a venoae sinus,* 
and a large artery.f It is called the cauemojw r/raiyee. 
Foeterior. Qnadrilateral ; covered with cartilage and 
articnlated with the basilar proceES of the occipital daring 
childhood; continuous with that bone in the adnlt. 
Anterior. Presenta the opening of the cavity by which 
the body is hollowed. This cavity is divided by a vertical 
plate into two parts, called the BjjfeeiioiiaZ sinuees. These 
Binnsea do not exiat in children, and their ditnenaiona 
increase with age. Their form is various; they are often 
Buhdivided by irregular osaeons laminEe, and the septnin 
is frequently inclined to one side, or incomplete, or per- 
forated by a hole. Their anterior and inferior walla are 
partly formed by two thin curved plates, originally 
separate, afterward adherent, and called the 4q>him,oidal 
twrbinated bones. Their orifices, contracted by these 
plates, open into the nasal fosste. Lower. Presents, in 
the centre, a prominent triangular spine, called the 
rostriaa, and, on each aide, a deep groove, covered by b 
horizontal projecting lamina. These parts serve, as vfiU 
be hereafter esplained, to fii onthe vomer(106.) External 
to the lamina on each side, a small groove runs frcna 
behind forward ; it is sometimea partiiuly converted into 
a canal by a, thin plate of bone : it is completed in tbe 
articnlated skull by the sphenoidal process of the palate- 
bone, (89) transmita vesselsjj and contributea to form tJie 
pteiygo-palatine canal. (89.) Lateral. These surfaces 
are smooth and eveu, they give attachment to the greater 
wings below, to the lesser wings above and in front, and 
are marked by the cavemoua grooves already described. 

37. GaEATEB Wings. Two strong procesaes, which. 
arise from the sides of the body, pass outward a little waTi 
and then curve upward. They are also prolonged back- 
ward posteriorly, into a sharp angle called the spiiie of the 
iphenoid, which fits into the retiring angle formed by the 
Bquamona and petrous portiona of the temporal bone, and 
is prolonged downward into a sharp eminence for the 
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attaclunent of a muscle* and a ligament.f The greater 
wing presents for examination tliree surfaces, and a cir- 
cumference. SuRPACES. Superior, Concave and marked 
by cerebral impressions and arterial grooves.J Presents, 
at its internal part, proceeding from belund forward, first, 
tbe fora/men spinosum, a short canal (sometimes double), 
which pierces the projectine angle that has been described 
as the spine of the sphenoid, and transmits an artery ;§ 
secondly, the foramen ovale, which is much larger, and 
transmits a nerve,! | and thirdly, the foramen rotundum, 
which strictly speaking is a canal ; it is directed forward 
and a little outward, and transmits a nerve.^ There is 
sometimes seen, internal to the foramen ovale, a little 
hole, the orifice of a canal that descends to the pterygoid 
fossa (39), and transmits a small vein ; it is called the 
fora/men Vesalii. Inferior. Convex, and divided by a 
transverse ridge into two portions; a superior, larger, 
concave, from before backward, convex from above down- 
ward, furrowed by arteries,** covered by a muscle,tt ^^^ 
belonging to the temporal fossa; an inferior, smaller, 
concave, belonging to the zygomatic fossa, and also covered 
by a muscle. J J It presents the lower orifices of the fora- 
mina, spvnosum and ovale, and quite at its posterior part, 
the irregular pointed eminence into which the spine is 
prolonged below. Anterior, A smooth, quadrilateral 
surface, directed forward and inward, forming the chief 
part of the outer wall of the orbit, and thence called the 
orbitar plate of the sphenoid. It is bounded externally by 
a serrated margin, which articulates with the malar bone ; 
hehw by a rounded border, which contributes to form the 
spheno-maxillary fissure; internally by a sharp edge, 
which forms the lower boundary of the sphenoidal fissure, 
and presents at its upper part a notch (sometimes a hole) 
for the passage of an artery ;§§ and above by a triangular 
serrated surface, which articulates with the frontal bone. 
The orbitar plate sometimes presents at its upper part 
one or two small holes, which are called external orbitar 



* Laxator t3nnpani. t Internal lateral of lower jaw. 

X Formed by the meningeal artery. 
§ Middle meningeal. || Third division of 5th. 

^ Second division of 6th. •♦ Deep temporal. 

tt TemporaL tt External pterygoid. 

99 A branch of the ophihalmio. 
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foramina, and tranamit BmaJl arterieB.* OircumfbrkSbI 
From the body to the apine of tha Bphenoid, the Kreate:^ 
wing preaentB a short thick margin, the outer half at 
which articalateH with the petrons portion of the temporal ; 
while the inner haK contribntfla to form the foramen 
ItKxrunt medium {69), and preeents tlie poaterior orifice of 
the vidhlm cmal (39) (aunnonnted by a little triangular 
which, when the bones are united, divides the 
lacerum madinm into two parts). External to 
the epine, the circumference of the greater wing presents 
a concave serrated border which articulates with, the 
aqnamouB portion of the temporal. It is bevelled at the 
expense of the inner surface below, and of the outer 
Burtace above, ao that these bones mntually overlap each 
other. At the tip of the greater wing is a abort margio, 
which is bevelled at the eKpense of the inner Burfaco, and 
articulates with the anterior inferior angle of the parietaL 
Anterior and internal to this, the circumference presenti 
a serrated triangular apace, which separates the tliree 
Burfaces of the greater wit^, and articulateB with the 
Irontal : it torma the upper boundary of the orbitar plate, 
and ie continuoaa internally with a thin margin, which ia 
the imier boundary of the orbitar plate, and contribute* 
to form the sjihenoidal ftsiwre. This margin, mnninff 
downward and inward, joina the body of the sphenoid 
and completea the circumference of the greater wing. 

38. Lesser Wings, or Pbocesseb of iNGBjisaiAa. Two 
small pointed processea, each of which risea from the side 
of the body (at a point anterior and superior to the ori^A 
of the greater wing) by two roots, between which is %ha 
opUo joram,en,, a round hole direotfid forward, ontward^ 
and a little downward, for the tranamission of a nervef 
and an artery .J The upper root is thin and horizontal; 
the loieer ia thick, oblique, often hollowed by a cavity 
which forms part of the sphenoidal sinus (36), and roarbca 
in front by a little tubercle which attachea a tendon 
common to three mnaclea of the eye,§ They support & 
triangnlnr plate of bone, which has two xitrfacee, two 
iorders, and two exiTemilies. Surfaces. Superior. Ib 
smooth, wider internally than eiternally, and forma part: 

Br«iic1ioB [)f ths middle moalDgeal, one of whicb supplies the 
laobrymal gland. 

t Opiic. t Opliaalmic. 

§ latsrnal, usMmal, and inferior recti mneolea of the aye. 
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of tlie anterior fossa of tlie floor of the cranitim. Inferior, 
Itesembles the former in shape, contributes to the roof of 
the orbit, and forms the npper boundary of the sphenoidal 
fissure, or foramen lacerum anterius ; wnich is a triangular 
fissure, lying, apex outward, between the greater and 
lesser wings of the sphenoid, and forming a communication 
between the cranium and orbit. Borders. Posterior, 
Concave and rounded, corresponding to a fissure of the 
brain.* Anterior. Convex, and bevelled at the expense of 
the lower surface, to overlap the orbitar plate of the 
frontal, with which it articulates. Extremities. Outer, 
Terminate in thin sharp points. Inner. Are thick and 
blunt, and extend backward over the sella turcica, under 
the name of the anterior clvnoid processes ; they frequently 
unite with the posterior clinoid processes. 

39. Pterygoid Processes. Each projects vertically 
downward from the point where the body and greater 
wing unite. It is hollowed behind by the pterygoid fossa, 
which is filled by a muscle,t and divides tne process into 
two Zflwn-moB, an external and an internal. The external 
la/mina is wider, shorter, and turned a little outward ; its 
outer surface belongs to the zygomatic fossa (138), and 
gives attachment to a muscle -,% and its inner surface 
contributes to the pterygoid fossa just mentioned. The 
internal lamina is much narrower and longer, quite 
parallel with the median plane, and curved outward below 
into the hamula/r process, a little hook round which a 
tendon§ turns ; by its outer surface it contributes to the 
pterygoid, by its inner to the nasal fossa; while its 
posterior edge forms the outer boundary of the posterior 
aperture of the nasal fossa, and gives attachment to a 
muscle. 1 1 This plate moreover presents at its upper part 
the scaphoid depression, an oval shallow cavity, widch 
gives insertion to the muscle,Tf whose tendon plays round 
the hamular process. Above the scaphoid depression is 
seen the posterior orifice of the vidian canal, which per- 
forates the root of the pterygoid process from betore 
backward, and transmits vessels and nerves of the same 
name. The pterygoid process i)resents in front, from 
above downward ; first, the anterior orifice of the vidian 



* FisBura SylviL t Internal pterygoid. 

X Internal pterygoid. § Of the circumflexns palati. 

if Superior constrictor of the pharynx. 

% Oircnmflexus palatL 
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oanal; Becondly, a margin wticli artienlateB 
peijwadicalar plate of the palate bone (89) ; and wuraiy, & 
deft (formed by the bifurcation of the two ptatea), into 
which the taMroaity ot the palate bone is received. 
Superior and external to the anterior aperture of the 
viditen oawai appears the anterior orifice of the fora/men 
rotTmdwii ; a relation whieh it xe imiwrtant to remember. 

Stkdctcrb. Cellular in its thicker parte ; eleewhero 
compact. Dbtelopkent. By seven jyiints ; one for the 
body ; one at the base of each Icsaer wins ; one at the root 
of ea^h pterygoid process ; and one for each internal 
jrtierygoid plate. The Binnees are gradually developed by 
age. ARTiciTLiiTIONS. With the ethmoid, frontal, parietal, 
twnporal and occipit^ bones ; also with the vomer, 
sphenoidal turhiEated, malar, aaid palate bones. Some- 
times, moreover, it joins the upper maxillary, by the 
anterior border of the pterygoid process, or by the orbitaz 
plate (85). 



40. The ElHMOTD ia a light cubical bone, situated at the 
anterior part of the base of the cranium, and couBistii^ 
of a vertical plate, which forms part of the septum of the . 
nose; a horizontal plate contributiuK to the base of the 
cranium ; two bundlee of cells hanging from the Bides o{ 
the horizontal plate; and an eminence called the criefa 
gain, projecting into the cranium. 

4.1. HoRjzoNTAL, or CniBuiFOiiM Plate. Fills tip the 
ethmoid notch of the frontal bone, and presents above; 
first, in the middle a triangular creat of variable size and. 
form, called the crista yalli. The lower border of th^ 
crest ioina the cribriform plate ; the posterior, long, thin, 
and Blanting, gives attachment to a fold of fibrous mem* 
brane :• the anterior, short, thick, and vertical, articif 
lates with the frontal bone. Its summit presents two 
Uttle eminences, which generally contribute to form tJie 
foramen ciEewni (48) ; its sides are conves and smooth. 
On each side of the crista galli the cribriform plate ia 
concave ; pierced with the olfactory holes, for the tnuiB- 
miasion of nervous filaments.t and perforated in front by a 
Bmall^Bsure for a particular nerve.i On each side of the 
cribriform plate are several half ^^"^i completed by aimi- 
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lar ones on the frontal ; and two small grooves passing 
from within outward and backward, which with the frontal 
form the internal orbital foramina (more properly called 
canals). The anterior is often connected with the fissure 
just mentioned by an oblique groove, which lodges the 
nerve that they both transmit* The posterior gives 
passage to a small artery and vein. 

42. Vertical Plate. Joins the transverse by its upper 
border ; by its lower, which slopes downward and for- 
ward, it articulates with the vomer; by its posterior, 
which is vertical, it corresponds to the septum o# the 
sphenoidal sinuses ; while its anterior is divided into two 
parts ; an upper, shorter, and sloped forward, which arti- 
culates with the frontal spine, and the crest of the 
nasal bones ; a lower, longer, and sloped backwards, to 
which a cartilagef is attached. On the sides of the ver- 
tical plate are seen grooves, and the orifices of canals 
whose upper extremities appear on the cribriform plate. 
They transmit nervous filaments. J 

43. Latebal Masses. Each presents, externally, a 
smooth square plate called tne os planum, which 
forms part of the inner wall of the orbit. In the upper 
edge of this plate are seen the notches that concur to form 
the apertures of the internal orbitar canals : before and 
behind it are several half cells, the anterior closed by the 
lachrymal, the posterior by the sphenoidal turbinated 
bone : helow it is an uneven surface, by which it unites, 
in front with the upper maxillary, and behind with the 
palate bone. The inner surface of each bundle of cells 
(i.e, the side next the perpendicidar plate) presents at its 
upper and posterior part a curved lamina called the supe- 
nor tu/rhinated hone of the ethmoid, overhanging a horizon- 
tal groove called the superior meatus, in wmch is seen the 
orifice of the posterior ethmoid cells. Below this appears a 
second curved lamina (twice as long as the first), called the 
middle turbinated bone of the ethmoid, whose lower margin 
is free and thick, and whose concavity, directed outward, 
contributes to form the middle meatus, another horizontal 
groove which presents in front the orifice of the anterior 
ethmoid cells. The whole of this surface is rough, and 
marked with grooves and orifices, which transmit little 
nerves. The cells of each bundle are divided by a bony 

* Nasal twig of ophthahnic division of 5th. 
t TiJangular cartilage of the nose. % Olfaic^rs* 
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lamina into two sets, whlcii do not cannnniiicate i 
6a«h other^ The posterior are the smaller and ... 
numeroQS ; they open into the npper meatus, and either 
commnnicato with the sphenoidal BinaseB hehind, or ore 
oloaed hy the sphenoidal turbinated bones, or by a plate 
belonging to the ethmoid itself. The anterior are mora 
nnmerouH, and one of them, which is lon^ and flemona, 
opening into the frontal ainitB above, and uito the middle 
meatus below, is called the infimdibulii/m. In front tA 
these there are some little half celle, covered by the 
aeceiding process of the upper manllary. So that, in the 
■united SKtill, the ethmoid cells are completed by tlie 
frontal, superior jnairillary, lachrymal, and palate Ixjnei ; 
and generally also by the sphenoidal turbinated bones. 

44. Strdcture. Of compact tissue, Dbvblopmbht. 
By three points, one for the middle, and one for each 
lateral portion. Sohd and cartila^^ous in the ckild, 
it becomes in the adnlt light, lammated, and cellnlaj". 
ABTIcnLiTiONB, With the sphenoid, irontal, upper mnsil- 
lary, inferior turbinated, vomer, nasal, lachrymal, and 
palate bones : also with the sphenoidal turbinated 
bones, which often form a, complete osseous imi<m 
with it. 



46. This bone, resembling a cockleshell in shape, and 
situated at the anterior part of the cranium, conaietB 
of two portions, a Aomoniui below, a cBrficoi above ; of 
these the latter is by far the thicter and more extensive J 
each presents an inlerior and an exierior aspect. 

46. Horizontal Portion, Exterior aspect. Is directed 
downward, and presents in the middle the ethmoid notth, 
a quadrilateral space filled up, when the bones are united, 
by the cribriform platfl of the ethmoid. In front of thia 
notch appears the nagal epine,* a sharp thin croinenoo, 
which projects downward aoid forward, articulating in 
front with the crest of the nasal bones, behind with the 
perpendicular plate of the ethmoid. On each side of this 
Bpine appear the apertures of the frontal siimses ; two 
cavities, absent in the child, gradually developed by ago, 
extending in the adult to a greater or less distance be- 
tween the inner and outer tables of the vertical portion cf 
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the bone, and commnnicating with the infundibnlnm 
(43). The situation of these sinuses is indicated on the 
exterior of the bone by two projections, observed, more or 
less distinctly in different stufls, just above the root of 
the nose, ana called the nasal eminenceR. To return to 
the ethmoid notch ; it is bounded on each side by a narrow 
space, which overlaps the upper surface of the ethmoid, 

E resents several half cells which cover the corresponding 
alf cells of that bone, and also two grooves which are 
completed by grooves of the ethmoid, already described, 
and contribute to form the mtemal orhitar canals. (41). 
Still further outward this aspect presents on each side the 
orhitar vault, a smooth, triangular, concave surface, which 
presents at its anterior and external part the lachrymal 
fossa, a shallow depression for the reception of a gland ;* 
at its anterior and internal part a slight tubercle (or de- 
pression) for the attachment of a fibrous pulley, through 
which the tendon of a small musclef is reflected. 

47. Yertical Portion. Exterior aspect. Presents in 
the median line, during childhood, a vertical suture, which 
usually, but not always, disappears in the adult. At the 
lower end of this suture, and just above the nasal notch, 
are the nasal eminences above described. On either side, 
and proceeding from above downward, are seen, first, a 
smooth surface, covered in the recent subject by the 
aponeurosis of a muscle ; J secondly, the frontal protuhe- 
ra/nce, a rounded eminence, which indicates the point where 
ossification commenced, and is very distinct during child- 
hood ; thirdly, the sitpra-dUary ridge, a curved transverse 
eminence, corresponding to the eyebrow, continuous at its 
inner extremity with the nasal eminence, and separated 
from the frontal protuberance by a slight depression; 
fourthly, the supra-orhital arch, a curved transverse 
margin which separates the vertical from the horizontal 
portion of the bone, forms the anterior boundary of the 
orbitar surface, and presents at the junction of its inner 
and middle thirds a notch, which is converted into a hole 
either by a bony process, or a ligament, stretching across 
it; it goes by the name of tjie supra-orhitar notch or 
foramen, and serves for the transmission of vessels and a 



* This can scarcely be called a separate fossa ; it is rather, as 
Prof. Partridge has observed, a deeper part of the general concavity 
of the surface. 

t Obliquns superior oculi t Temporal. 
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nerve.* The supra-orbitar arclvbaunnomitedby fti 
tra.DSTeTBe ilepresaioii which separates it from the e 
ciliary arch ; and it termiuates at each end in a serrated 
procaas : these processes are called roapectively the inter- 
nal, and exiernal, atuiitla/r process. The exlemni angttlar 
procese ie thick, prominent, and articulates with the malai' 
bone. Hnnning upward and backward from it there ia a 
prominent curved line, called the ftnnporal ridge, which, 
joins a corresponding ridge on the parietal bone, and girei 
attachment to a, fascia.f Behind and below this ridge the 
hone ia slightly concave, forma part of the temporal foaa^ 
and givea origm to a muacle. The intertial Mii/ularpm' 
cesses are leas prominent than the external, and articdiato 
with the lachrymal hones. Between them is a rough ser- 
lated interval, called the nasal ru^tch, which articulatea 
in the middle with the naaal bonea, and cm each aide vrith 
the nasal process of the upper maxillary. 

48. TEKtiCjiL Portion. Interior a^eel. Marked in 
the middle with a vertical groove, which is called tttloua 
longitudina.Ue, or the groove for the Jangitud'mal siitiu, 
and lodgea the venoua canal of that name. Several H-mnll 
irregularly shaped fosase, for the reception of certain litUe 
bodies discovered by and named after Facchioni, are seen 
on each side of this groove. Ita margins unite helow to 
forma ridge, called the crista frontalis, to which a folded 
fibrons membranej ia attached. Thia crest terminaites 
below at a small cana! called the foramen cmciim, wbit& 
ia generally completed by the ethmoid (41) ; it lodges S 
process of fibrous membrane§ and frequently transmits ft. 
minute vein. On each aide of the longitudinal sulcus ia » 
concave surface, traversed by arterial furrows, marked 
with eminencea and depressions which fit the convolutiMia 
of the brain, and preaenting in the middle a shallow dfr 
pression, called the frontal fossa, correajiondent in aituBi' 
tion, and proportionate in aize, to the irontal protuheranet 
of the exterior aurface. 

49. Horizontal Portion. Interior aspect. Presents, 
in the middle, the ethmoidal noieh, and on each aide, th« 
convex upper surface of the orbitar plaips, smooth, 
strongly marked with cerebral impressions, and forming 
part of the floor of the cranium. 

50. Margins. Vertical portion. Thick, dentictilated, 
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CTirved, cut obliquely at the expense of tlie interior snrface 
above, of the extierior below ; articulated with the parietal 
bones, which it supports below, but overlaps and rests 
upon above. This margin terminates below, on each side, 
in a triangidar rough surface, which articulates with the 
greater wing of the sphenoid. Horizontal portion. Thin, 
nearly straight, interrupted in the middle by the eth- 
moidal notch, bevelled at the expense of tne interior 
surface, and articulated with the lesser wings of the 
sphenoid. 

61. Steucttjre. Horizontal portion. Of a thin com- 
pact lamina. Vertical portion. Of a cellular diploe, 
contained between two compact tables, of which the 
exterior is thick and tough, the interior thin, but very 
hard and brittle, hence called vitreous.* Development. 
In two separate pieces, by two points of ossification, 
situated at the frontal eminences. Artic i lations. With 
the parietal, sphenoid, ethmoid, nasal, superior maxillary, 
lachrymal, and malar bones, by the points described. 

OF THE FAEIETAL BONES. 

62. A pair of large flat bones, situated at the upper 
and lateral parts of the cranium, irregularly quadrilateral 
in form, and presenting for examination, two sitrfaces, 
four arigles, and four edges, 

63. SURPACES. Exterior, Convex, smooth, presenting 
in the middle an eminence called the parietal protuhe- 
ra/nce, which surmounts a curved ridge, continuous with 
the temporal ridge of tie frontal, (47) and forming the 
superior limit of an uneven surface, which is marked with 
arterial furrows, gives attachment to a muscle,t and 
belongs to the temporal fossa. Interior. Concave, marked 
with cerebral impressions, and with arterial furrows which 
run upward and oackward from the anterior inferior angle. 
Along the upper margin runs a half groove, which, with 
a sinular one on the opposite bone, forms a longitudinal 
furrow, continuous witn the longitudinal furrow of the 
frontal before, and with the longitudinal furrow of the 
occipital behind ; it transmits a venous sinus.ij; On each 



* This stmcture is a general characteristic of the flat bones of 
the craniuin. 

t The tempoiaL % The longitudinal, 
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side of this groove m^ seen several bhulII PaoAio 
fou<e. (48). 

54. Edges. Superior. The loagost; rtraiglit, denticn- 
lated, BJid joined to the opposite bone to {orm the nagiUal 
Bnture. Inferior. Dirided into three portiooH ; an an- 
terior, straight, thin, heveUed at the eipenee of the outer 
snrface, and overlapped b; the end of the greater wing 
of the sphenoid ; a middle, curved, thin, bevelled at the 
expense of the outer eurfiice, and overlapiied by tlie 
Bqnamons portion of the temporal ; a posterior, atraiglit, 
tSiok, serrated aud articulated with the mastoid porticai 
of the temporal. Anterior. Joina the frontal, forming 
the corowil Hutnre ; it is cat obhqnelj, in such a maniLer 
BM to overlap the frontal below, to be overlapped by it 
above. Posterior. Joins the occipital, forming the lami- 
doidal sutore. The parietal firramen, a hole for the 
transmission of a vein,* ia seen at the upper part of this 
suture, or at the upper part of the parietal bone near it. 

66. Akgt.es. AnteriifT superior. A right angle, anbati- 
tuted in childhood by a. membranous part, called the 
superior fontanelle. Anterior inferior. Prolonged down- 
ward and forward to fit into the angle between the frontal 
and sphenoid, and marked internaUy by an arterial 
groove.t Foslerior gv,perior. An obtuse angle, which 
corresponds to the junction of the sagittal and lambdoidal 
sntureB. (64) Poslerior infervir. A truncated angle, 
which, joins the mastoid portion of the temporal, and ii 
grooved horizontally by a venous channel* continnons 
with the transverse one that has been described oa the 
occipital. (31) 

5e. Dbvblopment. By one point of ossification, at the 
parietal pnituberance. Auticiilitiohs. To its fellow, to 
the frontal, sphenoid, temporal, and occipital, by the 
points described. 

OF TKB WORMIAN BONES. 

57. These are irregular bones, of variable form and 
size, occurring in the sutures of the cranium, and chieflj 
in the anc/iWuYand lambdoidal. (64} The upper angle of 
the occipital, and the anterior superior angle rf the 
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parietal, are sometiines substituted by quadrilateral 
Wormian bones of considerable size. Tne extremity of 
the greater wing of the sphenoid, and the anterior inferior 
angle of the parietal, are also occasionally formed by 
Wormian bones. I have seen a skull in which one haft 
of the lambdoid suture was formed by large Wormian 
bones, disposed in a double row, and jutting deeply into 
each other. Dumontier mentions a similar one; and 
Bourgery refers to another specimen of the same kind in 
the Ajiatomical Museum of Yal-de-Grace. Beclard has 
described a skull in which the whole of the occipital 
bone above the upper curved lines was formed by two 
large triangular Wormian bones, united by a vertical 
suture, continuous with the sagittal. I have seen a skull 
(now, I believe, in the possession of Dr. Todd) which 
presents a similar arrangement. In other instances, 
they are no bigger than a pin's head, very numerous, and 
formed entirely in the outer table. According to M. 
Cloquet, they never occur at the base of the cranium, 
and seldom in heads of a rounded form. My own obser- 
vations compel me to differ from M. Cloquet on both 
these points. I have examined more than 100 skiQls of 
various nations, and have often found the Wormian 
bones numerous in rounded heads, and comparatively few 
in others of an oblong, or misshapen form. To take a 
single instance; the Turkish skull in the Museum of 
Bartholomew Hospital (marked No. 21) presents four 
large Wormian bones, and several smaller ones ; while 
of the African skulls there are two (Nos. 2 and 10) which 
contain scarcely any of these bones. Yet the former has 
the globular shape peculiar to the skulls of the Turkish 
nation ; and the two latter are well-marked specimens of 
the elongated negro cranium. Again, I have a sphenoid 
bone, whose lesser wing presents a small Wormian bone, 
now adherent by a kind of suture, but evidently developed 
originally as a separate piece. And I have also found 
(in the Museum of King s College) a skull in which the 
suture between the sphenoid and ethmoid bones presents 
deep denticulations (some a <}uarter of an inch long), and 
contains four distinct Wormian bones. I mention these 
facts because they appear to suggest some modification of 
the received theory of the formation of Wormian bones, 
as I shall endeavour to show in another place. Their 
use is questionable. Bichat believes that they «>x^ 
designed to strengthen the cranium., 1 «jxi T^^skL«st SsisSca^^^ 

D ± 
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to thint with Cmveilhier, that thej are irregiJar prodTiO- 
tiona, not at aU esaential to the mechaiumn of the atull ; 
for thej are sometimea quite smooth and undeuticulated 
at the marg:iii ; aad, whea email, are often encloBed 
between the denticulationa of one and the same bone- 
To which maj be added, that when thoj are uneqnaUy 
distributed over the cranium, we do not find the side ir 



which tiey are moat numerous stronger or more difBcult 
to disarticulate than the other. However, I have obaerred. 
in several akulla a pair of oval Wormian bones, equal ia 
size, and placed one on each aide, abont an inch and a 
half from the median line, — the same point at which a 
remarkably large and long denticulation is frequeatly 
seen. Certainly, it is poaaible that iu auch inatancea 
they may act somewhat m the manner of cramps, to hold 
the occipital and parietal bones together. 

In atructure, development, aud mode of articulation, 
they resemble the other cranial bones. 



58. A pair of complex boues, aituated at the lateral 
and inferior parts of the cranium, and divided into three 
portions ; the squamous, anterior and superior i tho 
maetoid, posterior ; and the petrous, projecting intemaUj 
from tlie point of junction of the two former ; these 
parts, separate in childhood, form bat one piece iu the 
adult. Their surfaces and bordera vrill be described in 



k 



6tf. SqUiMors Portion. Exterior surface. Smooth, 
convex, and marked slightly with arterial* impreaaioiiB ; 
it gives attachment to a muacle,t forma part of the tem- 
poral fossa, and is divided from the mastoid portion by a 
curved ridge. This ridgo ia continuoua with one on the 
parietal bone ; (i>\i) it attachea an aponeurosis,;^ and 
forms the posterior boundary of the temporal foaaa. At 
the lower part of the exterior surface arises the zygoinatie 
jprocesg; aflat branch of bone which has two SDr&oes 
and two edges ; which runs first outward and then 
forward ; and which is ao twisted that while ruaning 
outward ita surfaces are superior and inferior, but while 
ing forward its edges become superior and inferior. 



TEMPOKAL BONES. 37 

The tipper edge of this process is long, 'thin, level, and 
attaches an aponenrosis ; * the lower is short, thick, 
curved, and gives origin to a mnsclcf The outer surface 
is convex and snbcntaneons, the irmer concave. The 
exi/remity, cnt obliqnely at the expense of the lower edge, 
and (generaUv) of the enter snrface, is serrated for 
articulation with the malar bone. This process arises by 
two roots, the description of which shall foUow that of 
the glenoid camty. This is an oval depression, directed 
downward, forward, and a little ontward, and divided by 
a narrow slit, called the GlcLsericm fissure, into two parts ; 
an anterior, formed in the squamous portion, and covered 
with cartilage, for articnlation with the condyle of the 
lower jaw; a posterior, less even, and non-articiuar, which 
is formed chiefly by the vaginal process of the petrous 
portion, and lodges part of a gland.^ The Qlaseriam 
fisswre, which efPects this division, leads into the tym- 
panum, and transmits a tendon, a bony process, and 
some vessels, (146) Of the roots of the zygomatic 
process, the anterior, which is also inferior and transverse, 
forms iiie front boundary of the glenoid cavity, is covered, 
in the recent state with cartilage, and is continuous with 
a ridge that runs horizontally forward on the temporal 
bone, to join the horizontal ndge seen on the outer sur- 
face of tne great wing of the sphenoid : (37) the posterior^ 
also superior, subdivides into two branches ; an imferior, 
short and tubercular, which terminates at the outer end 
of the Glaserian fissure; a sujperior, likewise posterior, 
which sweeps upward to the circumference of the bone ; 
being in fact identical with the curved line that has been 
already described as dividing the mastoid from the 
squamous portion. Just where the anterior and posterior 
roots unite to form the zygomatic process, there is a 
tubercle for the attachment of a ligament.§ Interior 
aspect. Concave, marked with cerebral impressions 
and arterial furrows. Border. Thin, semicircular, and 
bevelled at the expense of the interior surface, at the 
v/pper part, where it overlaps the parietal, ailnd forms the 
squamous suture ; (64) thick, denticulated, and bevelled 
alternately at the expense of the interior and exterior 
surface, at its lower and amierior part, where it articulates 
with the sphenoid. 

• The temporaL t The masseter. % The parotidL 

§ External lateral of lower \&v. 
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60. Mastoid Poktion. EMerior aspect. Presents, T, 
its upper part, a rough surface, perforated by a hole 
CBileitbeiiiastoidJbramen. This hole tranamits vessels;* 
its poHition and size are irregnlar ; it ia often found in the 
snture between the mastoid ]wrtion of the temporal and 
the occipita.1. The mastoid portion is prolonged inferiorlj 
into a lar^ conical eminence, called tne maatoid ^ocetSt 
This procesB, which presents many varieties of size and 
form in different individnals, gives attachment to sever^ 
mosctes.f InteHor aspect. Presents, above, a deej^ 
onrved, venous channel (into which the mastoid foramen, 
just described, opens). This channel is continuona with 
the transverse groove formerly described on the occipital 
(31) and parietal bones, (55) and transmits the some 
sinna.^ Below it appears the iotemal side of the mastoid 
process, maried with the digastne groove, which attaches 
a muscle of the same name ; and, more internally, with 
the occipUal groove (parallel to the former, but much 
smaller, and oftea not distinctly seen), which transmits 
an artery of the aame name. Borders. Bough and 
aerrated ; the superior articulates with the parietal ; the 
posterior with the lower border of the occipital, between 
its jugular process and transverse angle. Aiigle. Thie 
is the hindmost point of the bone, formed by the junction, 
of the two borders just described. 

61. PsTHocs PoaiioN. Avery hard pyramidal prooese, 
which contains the organs of nearing, and presents ibr 
examination a hose, a truncated apex, three edges, ajad 
three surfaces. Of these aurfacea the anterior and 
^o$terior are situated within the cranium : while the 
vnferior ia aeen on its exterior aspect. The exact direction 
of the three surfaces is as follows. The anterior \odki 
upward and inward, as well as forward : the posterior 
looka upward and outward, as well as backward ; Qm 
inferior looks a little inward and backward, as well aa 
downward. The esact direction of the entire proceea is 
from without, inward, forward, and a little downward, 
Basb. The upper part of the base is entirely concealed 
by the squamous and mastoid portions to which it ie 
filed ; but its lower part, appe&nng ia consequence of the 
divergence of those portions, presents the oval expanded 

■ A am&ll artery, snd an emiaaar^ vein of Sautoriui. ^^_ 

t Stemo-mnstoid, tmchL'lu-miiBtaid, aplenius capitis. ^^H 

i TrausTerae. ^H 
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orifice of the meatus auditorius extemus, a canal leading 
to a chamber in the petrons process, called the tympanum. 
This orifice lies between the mastoid process and the 
glenoid cavity ; its lower margin is rough for the attach- 
ment of the cartilage of the ear, and formed by a curved 
plate of bone common to it and the glenoid cavity ; its 
upper margin is generally smooth and rounded. The 
description of the canal itself will be included in that of 
the ear. (144) Surfaces. Anterior, Continuous with 
the interior surface of the squamous portion ; to which it 
is joined by a sort of suture, that remains distinct even in 
old age, and indicates the original separation of these two 
portions of the bone. It is marked with cerebral impres- 
sions, belongs to the middle fossa of the cranium, and 
presents in front a small shallow groove^ leading back- 
ward to an aperture called th'e hiatus Fallopii; which 
opens into a canal called the aqueductus Fallopii, (164) 
The groove, which is sometimes double, lodges a nerve* 
and a small artery, which enter the aperture, and pass 
along the canal. Just in front of it this surface presents 
a notch or deficiency ; so that the carotid canal which lies 
immediately below, is here, as it were, unroofed. Above 
this* notch there is a depression, generally shallow, but 
sometimes deep and disfcinct, for the reception of a 
nervous ganglion,t Lastly, above and behind the hiatus 
Fallopii, this surface presents an eraiiience, which 
indicates the position of the superior semicircular ca/nal, 
(165) Posterior, Continuous with the interior surface 
of the mastoid portion, marked with cerebral impressions, 
and belonging to the posterior fossa of the cranium. It 
presents, nearly in the centre, the smooth rounded orifice 
of the meatus auditorium intemus ; (164) and behind this 
a little slit, covered by a triangular plate of bone, and 
forming the expanded orifice of a minute canal, called the 
aqueductus vestibuli, (164) Between these two apertures, 
but on a somewhat higher level, there is a little depression 
of variable form and size, which gives attachment to a slip 
of fibrous membrane:]! and transmits a Utile vein into 
the cancellous tissue of the bone. Inferior, An uneven 
complex surface, which forms part of the base of the 
cranium, and presents, passing n*om the summit towards 



* Cranial branch of vidian nerve, 
t Gasseriaii ganglion of 5th nerve. ^ ^'^^^^^'^^'^^^^^ 
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tlia base of the procees (i.e. from within and beft 
ontward and backward), the following objects ; — Pirsti 
a, rough qnudrilateral anrface, which gives attachment to 
two inuHclesi* behind this, two holea, one round amd 
very large, sitnated externally : the other triangnlaj- and 
very Hmall, Bitnated cIdbb to the posterior border of the 
prooeBB, The former is the lower aperture of the carotid 
canal ; the latter la the lower apertnre of tlie aqueducttu 
cochleCB. The carotid canal mnfl from its lower ori£oe 
at first vertically upward ; then, making a audden bend, 
paBses horizontally forward and inward, ho that its other 
end appears at the sununit qf the process. It transmitB 
a large artery.f and some nervous filaments. t The 
aqueductiia cookleeE will be described with the internal 
ear. (16S) Behind these holes is a large depresHion, 
called the jagular fosea, which varies in depth i ■" ~ 
Bkolls, and even on the opposite sides oi the 
lodges a large Tefu.S and is botmded externally by a sbani- 
edged prominent plate of bone, which eitenda froni the 
carotid canal hack to the mastoid process, separating the 
jugular fossa from, the glenoid cavity. This plate, ^lich 
a caHei the vagimtl process, iiviitm at its posterior part 
into two laminaa; from between which projects a long and 
Terr remarkable process of bone, called the slyloid proceet. 
This epiphysis, which in animals forms a separate bonc^ 
in man is generally continuous with the va^al process, 
which encloses its base like a sheath ; occasionally, how- 
ever, it is a movable piece connected by cartCage with the 
rest of the bone. It is about an inch long, runs down- 
ward, forward, and inward, and giTes attachment to three 
mnscles,!! and two ligaments.^ Behind these two proceseea 
therearea Aoie and afiaaure. The hole, which lies between 
the styloid and mastoid processes, is called the stylo- 
mastoid fnramen ; it is the inferior orifice ol' the Siqne- 
duotns Fallopii, (164) andtransmitsanerve.** ThofisBun^ 
which is very narrow, and extremely variable in depth,'f+ 
ia called the auricular fissure ; it separates the vE^iruiI 
from the mastoid process, and lodges a small nerrons 



* Lorator palnti mollis, and teusor tjmptkai. 
t Oarotid. I Carotid plcius. § Jugnlsr. 

II Btylo-hyoidanB, atylo^loasas, Btylo-pharyiigi;U8. 
IT Btylo-hjoid, Btylo-mBiillary. -• Paoisl. 

tt SmnetitOL'S a quarter of an Inch deep, Bometimea Bcarc«lj 
psrcBptible, sametmies absolutely deficient. 
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filament.* The two processes, fissure, and hole, just 
described, are external to the jngnlar fossa ; hehmd it 
there is a square facet called the juguVw w/rface^ which 
articulates with the jngular process of the occipital bone. 
These are the principal objects that appear on the lower 
surface of the petrous portion : some minuter points will 
be mentioned in the description of the tympanum. Edges. 
BvmrioT, The longest and most even. It is marked by 
a channel, which is called the superior petrosal groove, 
and lodges a venous sinus of the same name. It presents, 
at its inner extremity, a semilunar depression, on which a 
nervef rests. Posterior, The second in length, uneven, 
but not denticular, and articulated, by apposition, with 
the basilar process of the occipital. Its inner half is 
marked by a groove, which, when completed by one on 
the corresponding border of the occipital, is called the 
inferior petrosal groove, and transmits a venous sinus of 
the same name. Its outer half presents a large notch, 
which corresponds in size and situation with the jugular 
fossa, and, with a similar notch on the occipital, forms 
the foramien lacerwm posterius, A little sharp eminence 
often projects from the centre of this notch, mviding the 
hole into two portions. (The jugula/r surface, and the 
aquedMctus cocJUeoe, are sometimes referred to this border.) 
Anterior. Divided into two parts ; an inner, free and 
articulated with the spine of the sphenoid (which is 
received into the retiring angle formed between this border 
and that of the squamous portion) ; an outer, joined to 
the si^uamous portion above by a suture, but separated 
from it below by a narrow interval, already described as 
the Glaserian fissure. In the apex of the retiring auffle 
just mentioned, are seen the orifices of two small can^s, 
lyin^ one above the other, and only separated bv a thin 
lamina. The upper of these lodges a Httle muscle of the 
ear,^ while the lower is the bony portion of the EustacMan 
tuhe,^ When the bones are joined, these canals open at 
a point internal to the spine of the sphenoid. They both 
lead into the tympanum, and will be further described 
when we speak of that cavity. (146) Summit. Is irregular 
and obliquely truncated, presents the anterior orifice of 
the carotid canal, and forms the posterior and external 
boundary of the for a/men lacentm mediwm. 

• An auricular branch of the facial nerve. t Third. 

I Tensor tympani. 
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62, Structum. Petrous portion eiceedingly h 
dense; mastoid portion cellular; squamous portion use 
the other flat bones of the cranium. Detblopmbnt. In 
the child the stjloid proceas is articnlated to the petrona 
by a cartilage, and the external meatus is a separate ring 
of bone, imperfect above. These two parts have each a 
separate point of ossification, as also have the mastoid, 
petrous, and aqnamoua portions, and the HTgomatic 
process; maVioB sis in all. Articulatioss. With the 
sphenoid, occipital, parietal, malar, and lower maxillary 



63. The bones that have now been described form by their 
junction thiri«en eulures. (7) These are often described 
incidentally, in demonstrating the repona which they 
respectively traverse ; but they are perhaps more easily 
remembered when studied in conneiion with each other. 
They are best distinguished by designations componnded 
of the names of those bones Iwtween which they are respeo- 
tively formed; aa/rojito-yarie(ai,Mi(sr-j)Orte(iii, dtc. Seve- 
ral bave also received names deriv«d from their situation, 
or particular appearance; as, coronal, eayittdl, lavibdoidal, 
baailar, &a. 

64. CoANUL Sutures, Sagittal. Is formed by tlw 
junction of the two parietal benes, and runs along the 
top of the cranium, from the gummit of the occipital to 
the centre of the irontal bone. In children, and in adults 
also when the two sides of tie frontal remain separate^ 
it is continued forward to the root of the uose. It soine- 
times presents towards its posterior eitremitj, the 
•pivrieial Iwle (54) ; and in front, where it joins the coronal 
suture, frequently bifurcates to enclose a large quadri- 
lateral "Wormian bone. Coronal. Cuts the Bagittal at 
riglit angles, sweeping round transversely over the top of 
the cranium, from the estremity of one greater wing of 
the sphenoid, to the corresponding point on the opposite 
side. It is formed between the frontal and parietal 
bones, and is so disposed that the frontal rests on the 
parietal above, and vice verea below. Larnhdoid/id^ 
Passes from the angle of the mastoid portion of the tem- 
poral on one side, to the same pouit on the other; 
describing in its course two sides of a triangle. It ia 
formed between the ocoipital and the two parietal bones. 



CRANIAL SUTURES. 48 

is very deeply denticulated,* and nsnally contains several 
Wormian bones. Masto-parietal. Squamous. Spheno- 
parietal. These three sntnres are subdivisions of a 
single sntnre, formed between the lower border of the 
parietal, and the two adjacent bones (temporal and 
sphenoid) ; and consequently extending from the lower 
end of the lambdoidal sntnre behind, to the lower 
end of the coronal in front. Masto-parietal. A short 
denticulated suture joining the posterior division of the 
inferior border of tne parietal, with the mastoid por- 
tion of the temporal. CIo<juet, followed by several other 
writers, has described this as part of the squamous 
suture. But since it is denticulated, it is better not to 
call it squamous. Squamous. A curved suture formed 
by the squamous portion of the temporal overlapping the 
middle division of the lower border of the parietal. 
Spheno-paHetal. A very short suture formed by the end 
of the greater wing of the sphenoid overlapping the 
cmterior division of the lower border of the parietal. 

The remaining sutures traverse the base of the 
cranium. 

Basilar, The line of junction between the sphenoid 
and occipital bones. It runs transversely in front of the 
basilar process, contains a layer of cartilage in childhood, 
and disappears in adult age, in consequence of the 
union of the sphenoid and occipital bones. Between the 
outer extremity of the basilar, and the lower extremity 
of the lambdoidal suture, occur two other sutures ; the 
one formed by the junction of the petrous portion of the 
temporal with the occipital, the other by the junction of 
the mastoid portion of the temporal with the occipital. In 
the first, or petro-ocdpital^ the bones are separated by a 
thin layer of cartilage. The second, or mastoid is very 
slightly denticulated, and often presents the mastoid 
foramfien. Between the outer end of the basilar suture 
and the posterior end of the spheno-parietal, two more 



* In all suiuras denUUcB (see Table of the Articulations, page 7} 
the denticulations of the exterior table are much dee|>er than those 
of the interior or vitreous table. In this suture for iu stance, the 
denticulations mav be half an inch long on the exterior surface ; 
while on looking from within the cranium one sees borders merely 
placed in apposition. This is perhaps on account of the brittleneas 
of the vitreous table, as John Bell believed. In some skulls, how« 
ever, one sees every here and there long jagged denticulations even 
on the interior table. 
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•ntorRM intervene. The first, or petrO'Sphenoided, ii 
fofmwl between the great wing oi the sphenoid and *^"^ 
ptstrimo portion, of the temporal ; and here the bones are 
merely placed in apposition (eiemplifying the sutura 
rtpprigita, or hnrmotna). The second, or sajiamo-Bphe- 
nnidnl, ia formed between the great wing- of the BphenoW 
and the jjuitniona portion of the tempwraJ ; and here the 
hon*n are cut obhqnely, and aerrated (exemplifying the 
tuta/rit UmboBa). 

Two Hntntes, the tpltenoidal and the ethmoidal, remain. 
The fphenoidal awture ia formed between the anterior 
itiperior border of the sphenoid and the bones with which 
it articnlates — viz., the ethmoid and sphenoidal tnr- 
bioAted bones in the middle, the frontal laterally. Viewed 
from below, this sutnrB is observed to have three por- 
tions ; Int. a central portion which runs across from one 
arxtemal angular process to the other, traversing ihe 
TOntn of the orbits, and forming a curve whose concavity 
!■ directed forward ; 2nd and Srdly, two lateral portions, 
l^g one on each side, between the eitemal angular 
pTOtenn and the anterior end of the spheno-pariJatal 
tnttiTP- At the central part of this autnre the bones are 
tfiln und merely apposed to each other without dentic 
fMti"n ; towards the external angular process they ji 
b^ M Wood denticulated surface ; laterally the spheni 
h ntfunnumu, and overlaps the frontal. The ethmoii 
(ffrtttre in formed by the junction of a broad no*" 
K*rnttH'i the ethmoid notch of the frontal, with a 
mrmiiioif margin on the upper enrface of the r 
fn thin niltnrc, which forms three sides of a 
ftfBIIti Hfid enters the sphenoid suture at rig 
ilfVtttu] Htaall telle, and the internal orhitar 



^1; 'Htn dhape and articnlal 
(W+?*« ""* '*"" Beverally desi 
^Hfa\ tinw of the chamber 
TIW Smtiitm in an ovoid, 1 
mW***!'"* i»t«»1i.llj^ and at the 
kuK i'l'itumfM with many ho.i 
§mm f^f^-tlr- i-ymmetrical. 
&(tiM'VW''l'' »M.''i"''''f""'' depcndJ 
Wsm a IK |ri-(.|Hiri.i"natclv 
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aidal,^^ 



HutnreB intervene. The first, or peiro-fpfcenoMoJ, 1 
formed between the ^eat wing of tlio sphenoid and the 
petronB portion of the temporal ; and here the bones are 
merely placed in apposition (exemplifying the sutura 
appoaiia, or harmoma). The second, or soHnino-spAe- 
notdal, is formed between the great wing of the sphenoid 
and the gqnamous portion of the temporal ; and here the 
bones are cut obliquely, and serrated (eiemplifying the 
iutufa limbosa). 

Two sntnres, the sphenoidal and the ethmoidal, remain. 

The apkunoidal etttiwe is formed between the anterior 
BQperior border of the sphenoid and the hones with which 
it articnlatea — tis!., the ethmoid and sphenoidal tur- 
binated bonea in the middle, the frontal laterally. Viewed 
from below, this sntnre is observed to have three por- 
tions ; Ist, a central portion which runs across from one 
eitemal angular process to the other, traversing the 
roofs of the orbits, and forming a curve whose concavity 
is directed forward ; 2nd and 3rdly, two lateral portions, 
lying one on each side, between the external angular 
process and the anterior end of the spheno-parietal 
suture. At the central part of this suture the boues are 
thin and merely apposed to each other without dentiou- 
lation ; towards the ertemal angular process they join 
by a broad denticulated surface ; laterally the sphenoid 
is squamoaB, and overlaps the frontal. The ethmoidal 
suture is formed by the junction of a broad mar^^ 
around the ethmoid notch of the frontal, with a corre- 
sponding margin on the upper surface of the ethmoid. 
In this suture, which forms three sides of a parallelo- 
gram, and enters the sphenoid sutore at right auglei, 
several small cells, and the internal orbitar ecmaU, an 
observed, 

01 TEE CRAKIUM IN GENEHAL. 

65. The shape and articulations ol the cranial bones 
having now been severally described, it remains to take a 
general view of the chamber which they unite to form.. 
The cranium is an ovoid, larger behind than before, 
flattened laterally and at the base, smooth above, uneven 
and perforated with many holes below. It is nearly, bnt 
seldom perfectly, symmetrical. Its relative size preeeiitl 
considerable variations, dependent on age, sex, and dase, 
Thus it is proportionately larger in the fcetns than in thft 
adnlt, in the male than in the female, and in the Cauc*- 
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sian tlian in either the Ethiopian or Mongolian races of 
men. The form of the craninm, especially of its upper 
segment or^ vcmlt, presents very marked and charac- 
teristic varieties in different tribes ; and also some minor 
pecuKarities in different individuals of the same tribe. 
"With regard to these latter, it is asserted by Cloquet, 
Cruveilhier, and others, that the cranium usually gains 
in one dimension what it loses in another, so that its 
general capacity remains nearly uniform throughout each 
class. But an octensive series of observations published 
bv Professor Tiedemann, in the Philosophical Transac- 
tions for 1836, leads to very different conclusions. Thus, 
the capacities of the negro crania, which he measured, 
varied from 31 to 42 ounces; of the German, from 
32 to 45 ; of the English, from 38 to 45. My own 
observations accord with those of Tiedemann. I gauged 
by his method two French, two Chinese, and two 
Pythian skulls (all of male adults), with the following 
results. 

Weight of skull with. Weight of millet 



Trench 

Chinese 

Scythian 

(N.B, The two French skulls were the largest and 
smallest among 73 ; with the Chinese and Scythian, I 
had no opportunity of selection. Hence the greater dis- 
crepancy between the capacities of the former.) 

The thickness of the walls of the cranium varies in 
different skulls and in different parts of the same. 
Wherever there is a ridge or protuberance, it is greatly 
increased ; while at the bottom of the fossae it is often so 
much reduced that the bone becomes semitransparent. 
The texture and consistence of the^bone itself likewise 
vary in different skulls. In the negro it is generally 
very dense, hard, and white; so that on a section, it 
resembles ivory rather than bone. I am informed by a 
dealer in human bones, that the skulls of the Belgians, 
besides being misshapen and ill-developed, are of a soft 
and oily consistence. The crania of Barbarous nations 
appear to be in general harder, thicker, aiid.Y^<^'d?^^T)*Cs^3&2c^ 



1 


out lower jaw. 
lbs. oz. dn. 

1 10 9 


(ayQirdapois) 


seed contained. 
OS. drs. 

42 8 


2 


14 1 




31 9 


1 


2 2 8 




37 4 


2 


1 11 




39 4 


1 


2 8 4 




34 


2 


2 




35 12 




i6 CRANIUM IN GENERAL. 

those of Euroneans. My limita will not allow I 
puraoe this Babject farther. In Mayo'e FhysitJog 
stadent will Hud a clear and toaaterly sketch o 
national peculiarities of the cranium : and for ori^ 

inveatigtttionH on the Hubject he may conHnlt the w 

of Dftubenton, Cuvier, Blumenbach, Lawrence, Frichnd, 
Owen, &c. The development of the cranium usu^j 
bears an inverse proportion to that of the face ; the sub- 
ject of ite comparative mensuration will therefore be 
treated, when that division of the head has been described, 
and the entire stull comes under review. The craniom 
presents for eiaminalion an exterior and an inlarior 
Bnrface, each of which is divided, for convenience of 
demonstration, into regions. 

6S. ExTKEuott SuBjucE or THE CiUNrDM. This is 
loosely divided into the dndjpul in front, the occiput 
behind, the braqma at top, the fcose below, and the templet 
on each side. But for accurate description it ie divided 
into four definite regions ; a superior, an inferior, and 
two lateral. In considering these regions we snail merely 
Teoapitolate snch points ae have already been pointed ont 
in the description of the separate bones ; examining more 
in detail the objects that result from their union. 

67. Sdpbkiob Rebiok. Boanded in front by the nasal 
eminences, and the supra-orbitar arches ; behijid by the 
esterior tuberosity, and superior curved lines, of the 
occipital bones ; intermediately by a line carried from the 
outer end of the superior curved line of the occipital 
along the temporal ridge of the parietal and frontal 
bones, to the external angular process of the fronts 
This region is oval, smooth, traversed by three autnres, 
the eogitial in the middle, the lambdoidaihebhid, and the 
chief part of the coronal in front. It preaenta, from 
behind forward, 1st, the smooth upper part of the 
occipital bone ; 2ndly, the even vault of the parietal 
bones, marked, behind, by the parietal lioles, anteriM^ 
and eitemally, by the parietal protuberancea ; 3rdly, the 
vertical portion of the frontal, on which are seen, the 
frontal eminences surmounting the sv^ra-ciliary arehei. 
The flat, tendinous eipansiou of a muscle* covers and 
plays over this region. 

6». Latbrai Bbbiohs. Bounded, above, by a line 
beginning at the external angular process of the frontal, 

• Ocoipito-fronUtlie. 
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passing along the temporal ridge, and continued back to 
the exterior occipital tuberosity ; below, by a line com- 
mencing also at th^ external angular process, and passing 
along ike zygomatic arch to the mastoid process, and 
thence to the occipital tuberosity. Ending thus in a 
point before and behind, and bounded by a curve above 
and below, this region is of an irregularly elliptical form. 
It is traversed by the spheno-parietal, masto-jparietal, and 
squamous sutures ; and by part of the coronal, sphenoidalf 
mastoid, and lamhdoid sutures. It is concave in front, 
convex behind, and divided into an anterior larger, and a 
posterior smaller portion. The former is the cranial 
portion of the temporal fossa. This space is bounded in 
ETont, above, and behind, by the temporal ridge ; a line 
that begins at the external angular process, passes 
upward and backward over the frontal and parietal, and 
then curves downward over the temporal, to terminate at 
the root of the zygomatic process. Below, the temporal is 
separated from the zygomatic fossa by a horizontal crest 
on the outer surface of the great wing of the sphenoid. 
(This will be further explamed when we speak of the 
cranio-facial fossae). The large space thus circumscribed 
is convex posteriorly, concave in front, and traversed all 
over by the impressions of arteries.* It gives origin to 
a large muscle,t whose fascia is attached to the 
temporal ridge. The posterior smaller portion of 
the lateral region is convex, and presents from behind 
forward, 1st, tne mastoid hole; 2naly, the outer surface 
of the mastoid jprocess ; 3rdly, the meatus auditori/as 
extemus. 

69. Inferior Region or Base.J Bounded, behind, hj 
the external occipital tuberosity, and superior semi- 
circular ridges ; in front, by the nasal eminences and 
supra-orbitar arches ; laterally, by a line extending from 
the external angular process to the zygomatic process, 
thence to the mastoid process, and thence to the outer 
end of the superior semicircular ridge. Oval, uneven, 



* Deep temporal. t TemporaL 

} In studying this aspect, the student should bear in mind that 
the cranium itf turned upside down, so that when any point is de- 
scribed as above another, he must, on account of the inverted posi- 
tion of the skull, look for it below, A similar caution is necessary 
in tracing on the lower surface of any bone the points described in 
books. 
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convei,* articnlatfld in front with the honee ot the face, 
in the middle with the aiunmit of the epine. and free ia 
the rest of ita extent, thle surface p^eentB, from behind 
forward, the following objects. The atterior oeevpUal 
tuberosity, with the exterior occipital cregt passing down- 
ward and forward from it. From the tuberoeitj poos 
outward the miperior curved line*; from the middle 
of the crest, the in/eruw curved lines. The tuberosity 
gives attachment to a liganient,t the stiperior curved 
line to three muBclea,! the inferior cui-ved line to 
two mat<cles.§ Between the curved lines is a sorfiaee 
marked with the rough impressiona of two miisclea,|| and 
in front of the lower curved line is a rough Horface, which 
also attaches a muscle.^ In front of the occipital crest 
appears the occipitaZ hole, or fonimen magnum,, whiidL 
trainsmits BcveraJ important ot^ajia,** and is bounded on 
each side by the condyles (which give attachment int«r- 
jmlly to ligaments },■++ and bj the anterior and posterior 
condyloid fossce, which receive the articulating proeesseB 
of the atlas in extension and flexion of the bead, and are 
perfotatedby tbe/orajfimitof the Bamename.tt External 
to the condyle is an uneven surface for the insertion of ft 
muscle ;§§ external to this is seen the jugular proeem of 
the occipital, articulating with the petrous poriion (rf tlw ' 
t«mporaL; and external again to this appear the lows 
extremity, and the digastric grc(ove,of the iitattoidproesn, 
each of which gives attachment to a mu3cle.[||[ ]^ fraS 
of the occipital hole is the basilar sw/ace, presenting in 
the middle the pka/n/ngeal spine, and on each side depres- 
eions for muscular insertion-TTf Anterior and interxifll to 



• This eliarBcter ia Important, as iniliratini; n great downwatA 
development of th« brain. Id Die chimpaiizee and Dnng^ttuig Ihg 
basis of Ibe cranium ia nearly flat. 

t LigRmentum nucha, 

I Oocipito-froQlalia, trapezius. Htemo-mBBtDidflTiB. 

I Beutua capitle posticus major, Eind obliquna superior. 

I CompleiUB, iitid spleniua capitis. 

i( Bectua capitis posticus minor. ^ 

•• Spinal cord, with its BuTelopea, Tertebiol arteries, and Bpitid. 
accesBory nerves, 
tt Odontoid. 

II The anterior transmitting the ninth nerve, and the poatorior > 

fg HectUB capitUB lateralis. 
I IJII The fanner to the aterao-mastoid, the latter to the digMtiift 
^ n BecU capitis autioi, msjores and mluores. 
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the mastoid process is the stylo'mastoid foramen, which 
transmits a nerve ;* in front of that the styloidf and 
vcbgmal processes ; anterior and external to these 
again, the glenoid cavity, with its Olasericm fissv/re.'f 
Between the mastoid process and glenoid cavity exter- 
nally, and the basilar process internally, is seen the 
inferior surface of the petrous portion of the tem- 
poral bone, presenting (besides the styloid and vagvnal 
processes, and the stylo-mastoid fora/men, already men- 
tioned) the following objects : the jugular fossa,X a deep 
cavity, completed internally and posteriorly by the 
occipital bone, and generally larger on the right side 
than on the left.§ At the bottom of this fossa there is 
an irregular aperture, called the foramien lacerum pos- 
terius, divided by a little process (sometimes of the 
occipital, usually of the temporal bone) into two parts ; 
an amierior, smaller, which transmits several nerves ;J| a 
posterior, larger, which transmits a large vein,^ and a 
small artery.** In front of this fossa appear the lower 
orifices of the can'otid ca/nal, and the amisductus cochlecB. 
In front of these is seen a rough quadrilateral surface, 
for the attachment of two muscles.ff Internal and 
anterior to this surface occurs an irregular and some- 
what triangular aperture, called the foramfien laxierum 
medmm: its apex is directed backward; its anterior 
margin presents the posterior orifice of the pterygoid, or 
vidian canal ; and its posterior margin presents the 
anterior orifice of the carotid camxd. It is closed in the 
recent state by a fibro-cartilaginous substance, and does 
not give jjtossage to any organ. Jt It is formed in front by 
the great wing of the sphenoid, behind by the summit of 
the petrous process, and internally by the body of the 



* Facial. 

t For the relations of the styloid process, see $ 61, and for those 
of the Glaserian fissure, see % 146. 

} It lodges the commencement of the internal jngnlar vein. 

9 I exaiidned the size of the jugular foss» in 106 adult male Cau- 
casian skulls. In 12 they were of equal size ; in 15 the left was 
larger than the right ; in the remainder (78) the right was larger 
thui the left. 

I Glosso-pharyngeal, pneumogastric, and spinal accessory. 

t Intemiu jusular. ** Posterior meningeal. 

tt Levator palati mollis, and tensor tympanL 

XX The vidian nerve and the carotid artery enter the cranium at . 
the margins of this orifice ; but nothing passes directly ^2bs««9^^X. 

B 
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oplieitm. The huge, directed forward, ia I . . ^ , 

tapra-orhitnr arch, intormpted at the junction M iU 
inner and middle thirds by the superciliary noteh,* and 
ending in the external and internal angvlar proeeaaes. 
Behind the former of these proceBseB lies the la-c^hrrpaai 
fos»a ,'t behind (aai about tkree lines above) the latter 
IB a httle inequality for a tendinona pulley.I The orbitar 
v&nlt is bouaded externally by the orbitar plate of t^e 
spheaoid, which contributes to the outer wall of tie 
orbit : internally by the orbitoi plate of the ethmoidi 
which forma part of its inner wall. In the eatOiQ 
between the orbitar plat« of the ethmoid, and the frontal, 
are Been the apertnreB of the internal i/rbifar eanalt;^ is 
the orbitar plate of the sphenoid, and in the Bntnn 
between the frontal and molar, are the amall foramin^ 
called the external orbitar holet ; \\ their nnmber ia itnoR'> 
tain, and they are often altogether deficient. Lafltir, 
between this plate and the lesaer wiag of the sphaa^i 
is the triangular interval called the irpheaoidalfiaavreM 

70. Interior Bubjacb op the Cranium. Thia amiaM 
ia divided by a line pasBing round from the foramen 
cscnm to the interior occipital protuberance, into two 
regionfi. the vault and the hose. 

71. Vault. A smooth concave surface, marked all 
over with cerebral and arterial** impreBsions, traversed in 
the median line by the longitudinal saleim, a, Bmootli 
farrow which rises behind from the interior occipita] 
protuberance, becomes narrower as it passes forward, and 
terminates in the frontal eregt; a sharp raphS wHdi 



• In fcetal atulU tbEs notch conBtantly pmseats the oxiSeo of I 
Dtnal, which tmnamitB nutrient tdbsbIb npward into the BabatanM 
of the fronts) bane. It is often of coDBiderable bizo, BomstimBl 
donble. It gpnarall)' remainB pervioufl in the adult, and may Is 
called thB muTa-ciliarg canoi. Of 1U5 ndnlt skulls, 1 found it m. 
■eot in 72. *" 

t Which lodges tho iBchiymBl gland. 

j For the tendoQ of tbe obUqnuB saporior ocalL 

t Tho antfHur. tranamittiug the oaaal twig of the opbtfaali^ 
division of the fifth ; the poiterior, a email vobbbI. 

I That which is formed in the orbitar plate gives pftaaagB to 1 



f For the tranBmisaiou of the third, fourth 

the ophthalmic, or flrdt diviaion of the 5th; and 

** TorSLed by the middle meningeal artery. 
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descends, diminiBliing in prominence, to disappear just 
aboye the foramen csecnm. In this channel is seen the 
mter-paHetal or sagittal suture, and on each side of it 
BeYersA Pacchionian depressions ;* here also, when they 
exist, appear the parietal holes.f Laterally we observe 
in the vault, passmg from behind forward, the cerebral 
fossae of the occiput, the ocdpito-parietal or lambdoid 
suture, the parietal fossoB, the frontO'parietcd, or coronal 
sutwre, and th^e frontal fosses, 

72. Base. Consists of three fossae *, an anterior, lying 
in front of the lesser wings of the sphenoid ; a posterior, 
lying behind the npper edges of the petrous processes ; 
and a middle, which occupies the mtervenmg space. 
These fossae are on different levels, rising successively, 
like a flight of steps, from the posterior to the anterior. 
The anterior and posterior fossae are widest in the median 
line ; the middle fossa, on the contrary, is narrow in the 
median line, and expands on each side. The anterior 
fossa is convex; the two others are deeply concave. 
Posterior Fossa. Formed chiefly by the occipital and 
temporal bones, and traversed by the mastoid and petro- 
occipital sutures. It presents, at its posterior part, the 
cerebellar fossce of tJie occiput, separated from each other 
by the interior occipital crest,X and surmounted by the 
sulci laterales or transver sales, which pass horizontally 
outward, one on each side, from the mterior occipital 
protuberance, then curving downward, grpove successively 
the posterior inferior angle of the parietal, the mastoid 
portion of the temporal, and the occipital, just behind its 
jugular process ; terminating at the posterior division of 
the foramien lacerum posterius. In this channel are seen 
the interior openings of the mastoid^ and posterior 
condAiloidW holes. This channel, and the hole in which it 
terminates, are usually larger on the right side than on 
the left. In front of the cerebellar fossae is the foramen 
magnum, in the sides of which open the anterior condyloid 
foramivna or canals. In front of the foramen magnum 
is the basilar process, hollowed by the basilar groove, 

* For the Pacchionian bodies. 

t For the transmission of small veins. 

} Which attaches the falx minor of the dura mater. 

9 For the transmission of small veins. 

[I The posterior division of this hole transmits the internal jugular 
vein, the anterior and smaller division transmits the ^Ij^Mnr- 
pharyngeal, pneomogastric, and spinal acoefiaoc^ iisr^««^ 
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optie«m. The hage, directed forward, b formeanB, , ._ 
eupra-orbilar arch, interrupted ftt the jnnction at ita 
inner and middle thirds by the eupereiliary nolch,* and 
ending in the eietemal and internal angiilnr proce»»o». 
Behind the former of these proceeses lies the tif Ar^TnoI 
fossa ;t behind (and about three hnes above) the latter 
IS a little inequality for a tendinous pulley .J Theorbita* 
■vault is bounded eitemally by the orbitar plate of the 
sphenoid, which oontribntes to the outer wall of the 
orbit; internally by the orbitar plate of the ethmoid, 
which forma part of its inner wall. In the satnre 
between the orbitar plate of the ethmoid, and the frontal, 
are seen the apertures of the inisnud orbitar eanals ;§ in 
the orbitar plate of the sphenoid, and in the antnre 
between the frontal and molar, are the small foramina, 
called the external orbitar holes ;\\ their number ie uncer- 
tain, and they are often altogether deficient. LnatlT, 
between thia plate and the lesser wing of the epfaenotd, 
is the triangular interval called the sphenoidal fissure,^ 

70. Interior Surface or the CRiisinii. Thia enrface 
is divided by a line passing ronnd from the foramen 
ctecnm to the interior occipital protuberance, into two 
regions, the vavlt and the haee. 

71. Vadlt. a smooth concave surface, marked all 
over with cerebral and arterial** impressions, tra-veraed in 
the median line by the longitadmol eulcas, a smooth 
ftirrow whicli rises behind from the interior occipital 
protuberance, becomes narrower as it passes forward, and 
terminates in the frontal crest; a, sharp rapli^ which 



• In fcetal skulls this uotcli canstajitlj' presents the orifice oft 
cnai, which transioits nutrient Teseels upward into the Bnbstuuia 
of the frontal bone. It la often nf cunsidomble size, somethun 
donblB. It generally remains pervious in the adult, and nujto 
oalled the mpra-cUiary camU. Of 105 adnlt aknllis, I found it nre- 
sant in 72. *^ 

t Whicli lodges the iBchmnal gland. 

j For the tendon of the obliiiuaE superior oculL 

f The airferfcn-, tranemitting the nasal twig of the ophthalmfc 

dlvisiOD of the fifth ' '*"* «-«*— .-a- a arn^-\l Tr..,.o^1 

1 That whii- ' ' 
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deecends, diminisliing in prominence, to disappear just 
aboye the foramen caecum. In this channel is seen the 
i/nter-pa/rietdl or sagittal suture, and on each side of it 
Beyeral Pacchionian depressions ;* here also, when they 
exist, appear the parietal holes.f Laterally we observe 
in the vanlt, passing from behind forward, the cerebral 
fosscB of the occiput, the ocdpito-parietal or lambdoid 
suture, the parietal fossoB, the jronto-parietal, or coronal 
sutv/re, and the frontal fosses. 

72. Base. Consists of three fossae *, an anterior, lying 
in front of the lesser wings of the sphenoid ; a posterior, 
lying behind the upper edges of the petrons processes ; 
and a middle, which occupies the interyenmg space. 
These fossae are on different levels, rising successively, 
like a flight of steps, from the posterior to the anterior. 
The anterior and posterior fossae are widest in the median 
line ; the middle fossa, on the contrary, is narrow in the 
median line, and expands on each side. The anterior 
fossa is convex; the two others are deeply concave. 
Posterior Fossa. Formed chiefly by the occipital and 
temporal bones, and traversed by the mastoid and petro- 
occipital sutures. It presents, at its posterior part, the 
cerebellar fosses of tJie occiput, separated from each other 
by the interior occipital crest,X and surmounted by the 
sulci laterales or iransversales, which pass horizontally 
outward, one on each side, from the mterior occipital 
protuberance, then curving downward, groove successively 
the posterior inferior angle of the parietal, the mastoid 
portion of the temporal, and the occipital, just behind its 
jugular process ; terminating at the posterior division of 
the foramen lacerum posterius. In this channel are seen 
the interior openings of the mastoid^ and posterior 
condjiloidW holes. This channel, and the hole in which it 
termmates, are usually larger on the right side than on 
the left. In front of the cerebellar fossae is the forcumen, 
TMignum, in the sides of which open the anterior condyloid 
foram^ina or canals. In front of the foramen magnum 
is the basilar process, hollowed by the basilar groove, 

* For the Pacchionian bodies. 

t For the transmission of small veins. 

} Which attaches the falx minor of the dura mater. 

$ For the transmission of small veins. 

[I The posterior division of this hole transmits the internal jug^nlar 
vein, the anterior and smaller division transmits the ^Isvma- 
pharyngeal, pneomogastric, and spinal accea&oc^ -nisrv^^ 
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inteirnpted in the child by the hniilar i 
forming, by junction with the petroos procesB c 
Bide, the petTo-occipital eutiire; a anture, the posterioir 
half of which ia intermpt«d by the forameii laeerum 
poeteriui;* while it« anterior half ia marled by the 
inferior petrosal groove. Thia channel belongs partly to 
the busikr procesa of the occipital, partly to the petroufl 
portion of the temporal ; it trananiita a amna of the aame 
name. Above the foramen tacerum posteriua, oa the 
posterior surface of the petrooa portion, is the orifice of 
the meatua aTidUoriiia intemus ;'f hehini and aZioi;e which 
a^in ta a little triangular depreaaion, which gives inser- 
tion to a fold of dnra mnt^r, and tranamita a minnte 
vein into the cancellons tisane of the bone ; while belund 
and helow it ia the narrow orifice of the agaeduetm 
vegtibuli.t 

The line which separatea the poaterior from the 
middle fossa, is formed on each aide by the opper border 
of the petrous portion, which presenta estoriially the 
twperinr pelroeal groove, and internally the aemi-lxuKkr 
depression on which a nerve§ rests ; in the middle the 
boundary line coincides with the batilar suiwre. 

Middle Fossa. Formed chiefly by the sphenoid and 
temporal bones, with a small part of the parietal ; 
traversed by the squajnous, spheno-paristal, spheno- 
temporal, a.nd p6liro-aj)hEti/)idal sutures. Narrow in the 
middle, where it consists only of the eeUn fui'ctca,|| and 
dilating on each aide into a mrge convei surface, which 
18 formed, behind by the anterior surface of the petroiu 
portion, externally by the squamous portion, and by pmt 
of the parietal, in fnmt by the greater wing orthe 
aphenoid. In the median line this itosaa preaeatB from 
behind forward, first, the square plate whicn bounds the 
sella turcica behind, and supports the posterior cUuoii 
processes ; aecondly, the sella turcica or piluHary foan 
itself ; thirdly, the olivary tubercle ; and fourthly, 1^ 

Ztie gromie,%^ terminating at each end in the optie 
•amen.** Oa each aide of the sella turcica ia seen the 
ea/oemoim groove ;ff a wide shallow chaime!, horizontal in 



• See note |1, p. 53. f TmnsmitB the facial 
I Which lodgeB the pituitary body. 
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the middle, bending down posteriorly to terminate in the 
foramen lacerum medium, and curving upward in front, 
beneath the anterior clinoid process (which sometimes 
converts it at this point into a hole). Further outward 
appears, on each side, a deep fossa, wider externally than 
internally, sometimes called the lateral fossa of the 
middle region, and destined to support the middle lobes 
of the brain. This fossa presents posteriorly the eminence 
formed by the superior semicircular canal ; anterior and 
internal to this the hiatus Fallopii,* with the groove 
(sometimes «double) which leads from that orifice to the 
foramen lacerum medium ; anterior And internal to this 
the foramen spinostim;f anterior and internal to this, 
the foramen ovale ;t anterior and internal to this, the 
fora^nen rotundum;^ and finally, in front of this, the 
spltenoidal fisstire;\\ formed below by the greater and 
above by the lesser wing of the sphenoid ; and completed 
internally by the side of the body of the sphenoid, 
externally by the orbitar plate of the frontal. Between 
the foramina ovale and rotundum, there are generally 
one or two small apertures, varying in size in dif- 
ferent individuals, and frequently in the same indi- 
vidual on opposite sides. They are the upper orifices of 
little canals, which open below in the pterygoid fossa, 
just external to the scaphoid depression. The largest and 
most constant of them is called the foramien Vesalii ; it 
transmits a little vein, one of the emissary vevns of Ban- 
torini. They generally disappear in old skulls ; and are 
probably connected (like the holes in the sella turcica) 
with the nutrition of the bone. This surface is marked 
with cerebral impressions, and with an arterial channel, 
which begins at the foramen spinosum, runs outward a 
httle way, and divides into two branches ; a. posterior th&t 
ramifies upward and backward ; an anterior and larger 
that runs upward and forward to the anterior infenor 
angle of the parietal, in which it forms a deep groove, 
frequently a perfect canal, afterwards divi<ung into 



* Traasmits the cranial branch of the vidian, and the little artery 
that accompanies it 

t For the middle meningeal arterv. 

t For the third division of the 6th nerve. 

\ For the second division of the 6th nerve. 

D Transmits the Srd, 4th, and 6th nerves: the first divv&^^^ 
the 6th, and a small v^ give the axran^emsnoSk 
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numerous ramifications on the interior Bnrfaee of 

The Une which separates the midiile from the anterior 
fossa, is formed in the centre by the anterior margin of 
the optic groove ; on each aide by the poeterior edge of the 
lesser witig of the sphenoid, and by the anterior clmoid 
• into which the inner extremity of the lesaer wing 



S. 



Fosai. Formed by the boriaontal plate of 
the frontal, b^ the cribriform plate of the ethmoid, and 
by the ethmoidal proceBB. and lesser wing of tl^e nphenoid. 
Traversed by the etfimoiiiaf, andby part of the ep/ienotdai 
suture, and widest in the median line, where it preeeDta 
from behind forward, first, an inconsiderable etiUntnee 
separating two slight longitudinal furrowe (often nearlj 
imperceptible), which are designed for the reception of a 
pair of nerves ;t . secondly, the rrrieta gaVA;X thirdly, the 
forwmen ciscum, a canal formed between the frontal bone 
and the crista galli of the ethmoid, and commnnicatinff, 
according to Beriia and Oloqnet, with the anterior cel& 
of the ethmoidal notch. It generally transmite a, amaU 
vein. (I have a skull in which it mns forward for three- 
eighths of an inch, between the platea of the septum of 
the frontal sinijses ; and another m which it runs down- 
ward and to the left side, for about one-eighth, of an inch, 
and then terminates in a cul-de-sac. Mr. Henry Lee, of 
£ing's College, London, has a skull in which it descends 
in the Hubstence of the right nasal bone, and opene on the 
middle of its anterior surface. Very often it descends 
directly into the nose. The crista galh seldom does more 
than complete its upper orifice; and sometimes it is 
formed entirely in the frontal bone. It is often partially 
or completely impervious, especially in the sknlls of old 
persons ; and even when fully developed its course and 
termination vary iu different indiviauals. The contra- 
dictory acconnts given of it by different anatomists liara 
ilonbtless arisen :&om this varmbility.) On each side cj 
the crista galli is seen the olfadory groove, formed by the 
eribriform plale of the ethmoid bone, perforated all ovot 



■ The cliDoid proceBSBB atlach the folds of dura mater which 
rm tho cavamanB Binuaaa. t Isl. or oHactorTi 

J Attaches the filx major. (I have seen a ekull in which thii 
■ocess is uQusually large, and hollowed bj 0, sinus communicating 
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by little h>ole8,* and in front by a small fissure ;f in its 
external margin are seen the orifices of the internal 
orhitar foramvna. The anterior of these orifices occnrs 
near the middle of this margin, and is usually connected 
with the fissure just mentioned by a little groove, which 
lodges the nerve that they both transmit. J The posterior 
(which transmits a small vein) communicates below with 
the cavity of the nose, and opens also into the cranium, 
at the hinder extremity of the cribriform plate, where it 
is overarched by a little projecting lamina of the sphenoid. 
Laterally the anterior fossa presents a convex surface, 
corresponding to the roof of the orbit, and marked with 
cerebral and arterial impressions. 

73. The cavity, which is encompassed by the surface 
that has just been described, is of an ovoid form, smaller 
before than behind, and continuous below with the verte- 
bral canal ; of which it mav be considered the enlarged 
extremity. Of its use we snail speak in reviewing the 
entire skull. 

OP THE FACIAL BONES. 

74. Of the fourteen facial bones two are single and 
median — viz., the inferior maxillary, and the vomer: 
twelve lateral and in pairs, viz., two superior maxillary, 
two malar, two nasat, two palate, two inferior turhi/nated, 
and two lachrymal hones. Of these six pairs the four 
first are most considerable in size and importance; the 
two latter being small appendages within the nasal and 
orbitar fosses. All these bones are united by suture, 
with each other and with the cranium, except the lower 
jaw, which moves upon a hinge- joint. The face is 
frequently divided into upper jaw, consisting of thirteen 
bones; and lower jaw, consisting of one bone. This 
division, however, is too unequal to assist the memory ; 
nor can such bones as the vomer, the lachrymal bone, the 
cheek-hone, &c,, be included under the common designa- 
tion upper jaw, without a latitude of expression almost 
amountmg to inaccuracy. 

75. After the description of the facial bones, that of 
the thirty-two teeth, and of the huoid hor^e, mav be con- 
veniently, and perhaps not altogeuier unnaturally intro- 



* Transmit the filaments of the olfactory nerves, 
t Transmits the nasal twig of the ophthalmic 
X Nasal twig of ophthalmiit^ 
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daced ; bs the former, though difFerinff from 1 
structure and mode of growth, ara yet directly inserted 
into the maxillary boneH ; whiie the latter, though etrtutly 
Bpeakinga solitary bone, ia connected by proximity, ajid 
by the mterrention. of seTeral muscles aad ligameir'' 
with the lower jaw. 



erted 

I 



76. A pair of large irregular bonea, occupying i . _ 
middle and anterior part of the face, and presentiDg for 
examination two aspects, an external and an miemal ; e, or- 
eumferetice which separates these aspects i and four pro- 
cesses, one belonging to each aspect, the remaining two 
to the circumference. 

77. ExTBRSAL AatECT. That pari of the bone which 
con. be seen without separating it from its neighbours. 
It presents in the centre the malar proceea, which, as it 
divides this aspect into three parts, will be described 
first. "M at.ar. Process. A rough triangular eminence, 
directed upward and outward, articulated above witii the 
malar bone, hollowed behind where it forms part of the 
temporal foesa, more slightly concave in front where it 
forms part of the canine fossa, most prominent below 
where it gives rise to a, blunt ridge which passes vertically 
to the lower border of the bone, oecoming less prominent 
SB it descends. That part of the external aspect which 
lies in front of this ridge is the facial surface ; the part 
which lies behind it is the lygomatie surface; while Vob 
remaining part, which hes superior and internal to the 
malar process, is the orbitar surface. We shall begin 
with the OauiTAa SnariCE. Smooth, irregularly quaiti- 
lateral, and directed upward, outward, and forward. 
Bounded internally by a thin uneven margin, whioh 
articulates with three bones i in^o«(, by a notch some- 
times called the mcisura, laclwymedis, with the lachrynuJ 
bone ; in the middle with the ethmoid ; behind with the 
palate bone. Bounded eitomaUy by the malar proeeit; 
anteriorly by a short rounded edge, which forme part of 
the circumference of the orbit ; posteriorly by a rounded 
edge, which contributes to form the sy/ieiiD-wioajiQwj 
jU»we, and which sometimes, at its anterior extremity, 
articulates with the orbitar plate of the sphenoid. ^) 
This surface is marked by a channel which commences at 
the middle of the posterior border, and passes forward ai 
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downward, gradually deepeninff till it becomes a canal, 
which divides into two branches ; an anterior called the 
infra-orhitar canal, which is wider and shorter, pnrsnes 
the original direction of the groove, and opens at the 
infra-orhita/r hole;* a posterior which is longer and 
smaller, and descends in the anterior wall of the maxillary 
sinus, under the name of the anterior denta/r canal.f 
Facia h Surface. Looks forward and outward, and 
presents two depressions ; first, the canine fossa, large 
and deep, situated just below the orbit, perforated at its 
upper part by the infra-orhita/r hole, and presenting, 
above and below that opening, rough impressions for the 
attachment of muscles ; J secondly, the myrtiform or 
incisive fossa, smaller and less distinct, situated above 
the incisor teeth, and separated from the other by a 
vertical ridge (the canine eminence) caused by the socket 
of the canine teeth. (81) This fossa gives origin to a 
muscle.§ Zygomatic Surpace. Looks backwards and 
outward ; presents at its lower part a rounded eminence, 
more prominent before than after the growth of the 
wisdom tooth, and called the maxillary tuberosity. \\ 
About the middle of this surface appear the apertures, 
two or three in number, of the posterior dentar canals ; ^ 
and at the inner and lower part there are some inequalities 
which articulate with the tuberosity of the palate bone, 
(89) and sometimes (but very rarely) with the pterygoid 
process of the sphenoid. 

78. Internal Aspect. DiYidedhj the palatine process 
into two portions of unequal size ; the superior and larger 
belonging to the cavity of the nose, the inferior and 
smaller to that of the mouth. This division, however, is 
not perfect, for the palatine process is deficient behind, so 
as to allow a communication between the two portions. 
We shall hereafter find that the deficiency is supplied, 
and the separation completed, by the palate bone. 

79. Palatine Process. A strong plate of bone, pro- 
jecting horizontally inward from the internal surface of 

* Transmits the infrar-orbitar vessels and nerve. 

f Transmits the anterior dental vessels and nerves. 

X The upper gives origin to the levator labii superioris; the 
lower to the levator labii superioris al»qne nasi. 

S Depressor labii superioris iJaeque nasi. 

If This name is sometimes applied to the whole of the zygomatic 
surface. 

f Transmit the posterior dental vessels aaAiusr«^%« 
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the bone, thicker before than behind, forming the floor ol 
the noae, and the roof of the mouth, and presenting for 
examination tno sur/aceo and four borders, SujtFA.CES. 
Superior. Smooth, level from before backward, concave 
from side to Bide, and perforated in front by a canal, 
which descends forward and inward, and joins the gimilar 
oa>nal of the opposite side to form the anterior palatina 
or mcisiae canal,* (only seen when the bones are united). 
Inferior. Rough, concave from back to front, ]wrforat«d 
with many little apertures for nutrient vessels, and 
marked with a longitudinal furrow (in some skulls in- 
distinct, in others very deep, sometimes covered by a bony 
arch which converts it into a complete canal, sometimes 
double) for the transmission of vessels and nervea.f It 
presents anteriorly when joined with the opposite bone 
the palatiae foramen, which is the lower orifice of the 
anterior palatine canal above mentioned. Bohuebs. 
Outer. Continuous with the rest of the bone. Inner. 
Rough, vertical, thicker before than behind ; surmounted 
by a, ridge, whioh, with the corresponding crest of the 
opposite bone, forms a groove for the reception of the 
vomer, and marked at its anterior inferior part by a 
groove which contributes to form the anterior palatine 
camd. Anterior. Short, thin, smooth, curved ; forming 
part of the anterior orifice of the nasal fosste ; and pro- 
longed forward, internally, into an acute angle, which 
unites with the opposite to form the a:iilerior no*al npine. 
Posterior. Short, denticulated, bevelled at the expense of 
the upper surface, and articulated with the palatine plate 
of the palate bone. 

80. Internal Aspect. Superijjr or naial division. 
Broad and vertical, forming the outer boundary of the 
nasal fossie, and the inner wall of a large triangular 
chamber, which excavates the body of the maxillary bone, 
and opens near the middle of the internal aspect. This 
cavity, which is called the masclllary sinus, or antrum of 
Highmore, is bounded above hy the orbitar plate ; below 
by the base of the alveolar process ; in front hy the facial 
surface ; and behind by the zygomatic surface. Its apes, 
directed outward, is formed by the malar process ; and its 
base, directed inward, by the outer waD of the nose. Like 

* TrBDBiaiU tLe anlsrior pulatiDe veanele uid nerves, sod lodges 
the UMD-pftUtiue ganglion. 

f Postorier palUme. 
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the frontal, sphenoidal, and other sinnses of the cranium, 
it is often subdivided by little projecting laminae ; its roof 
is traversed by the infra-orhitar carnal, and its outer wall 
by the posterior dentar canals, which, commencing above 
and benind, near the centre of the zygomatic surface, 
sweep round it downward and forward, sometimes to open 
on the facial surface, or in the cavity of the antrum, or 
in the alveoli of the teeth ; sometimes to be lost in the 
cellular tissue; sometimes to degenerate into grooves, 
which run a little way on the waU of the antrum, and 
then disappear. They transmit vessels and nerves (of 
the same name) to the teeth. The floor of the antrum is 
frequently pushed up, sometimes even perforated, by the 
fangs of the teeth. Its inner wall is perforated, near the 
middle, by a large irregularly shapea aperture, through 
which it communicates with the nasal fossae. The margin 
of this aperture is thin and ragged ; in the united skull 
it is overlapped, above by the ethmoid, below by the 
inferior turbmated, behind by the palate bone. It is 
sometimes double. I have seen two skulls in which it is 
traversed by several little tongues of bone, which give it 
a cribriform appearance. Above this aperture are several 
half cells completed by the ethmoid ; below it is a smooth 
concave surface, belonging to the inferior meatus of the 
nose, and traversed bv a fissure, which runs from the 
orifice of the antrum obliquely downward and backward, 
to receive the maoiillary process of the palate bone ; (89) 
behind it is an uneven surface which articulates with the 
vertical plate of the palate bone. This last surface is 
traversed by a groove which commences at the middle of 
the posterior border, runs obliquely downward and 
forward, and contributes to form the posterior palatvne 
comal,* In front of the orifice of the antrum is a deep 
groove, sometimes converted into a canal by a lamina of 
bone, directed upward and forward, and forming part of 
the nasO'lachryrfial canal. (135) In front of this groove 
is a nearly horizontal ridge, which articulates with the 
inferior turbinated bone, and is called the inferior 
twrhinated crest. Above this crest is the internal surface 
of the nasal process ; which will be presently described. 
Below it is a smooth surface, concave from above down- 
ward, and belonging to the inferior meatus of the nose. 



* Tnu2«mit8 the postexior i^ti\aii\a&a N««aR^E %sA^«r^«A« 
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Infer icT or Oral dwuion. Small, uEEven, concave, 
marked with little furrowH and apertuiea for aatrient 
vessels. 

81. The ciECtiMFKaENCK, or line of separation between 
ttieae aspectB, presents below, the alveolar proceee, a 
curved eminence, thicker behind than before, hollowed by 
eight deep conical cavities (called ohieoli) for the insertion 
ofthe teeth, and marked internally and externally by a, 
Beries of alternate eminences and depressions, which 
oorreapond to the alveoli, and to the intervals between 
them. The alveoli vary in size and form according 
to the teeth they respectively contain. Those of the 
inciitore are deep, narrow, and single ; thoae of the 
grinders are wide, and sabdivided into minor cavities 
corresponding to the fangs of the teeth ; those of the 
anpenor canine, or eye-teeth, are the deepest and most 
prominent externally, where they form on each side, a 
vertical ridge called the canine emmenca, that separates 
the infra-orbitar from the myrtiform fossa. Anteriorly 
the circumference presents, first, a. deeply concave edge, 
which is ealled the nasal notch of the upper maiillary, 
and contributes to form the anterior aperture of the 
nSisal foBss ; below this, an eminence which forms half 
of the OMin-ior na»al epme; and below this again, a short 
vertical border, which unites with that of the opposite 
bone. Posteriorly, the ciroumferenoe is indicated by the 
mascillary tubBTOsUy. Above, it is formed by the inner 
border of the orbitar plate, and in front of that by the 
Ascending or Nasm. pkocbss. This is a stuut triangular 
eminence, directed upward, inward, and backward; 
smooth, concave, and marked with vascular apertures, 
on its external surface, where it gives attachment to 
muscles ;* less even within, where it presents, at its 
upper part, some rugosities (occasionally a little half -cell), 
covered by a plate of the ethmoid ; below these a hori- 
zontal crest, which articulates with the middle turbinated 
bone, and is called the middle turbinated creel of the 
upper maxillary ; and below this again a horizontal 
shallow groove, marked with arterial furrows, and be- 
longing to the middle meatus ofthe nose. This groove is 
bounded below by the inferior turbinated crest of tho 
upper maxillary (a horizontal ridge which marks the line 



I j and levator labil supoiioris alsqae nad. 
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ci jtmction between tlie nasal process and the rest of the 
bone). ' Such are the sv/rfaces of the nasal process ; its 
mMnndt presents denticulations which join the internal 
anffolar process of the frontal ; its anterior hoi^der is thin, 
and bevelled at the expense of the inner surface above, of 
the onter surface below, to articulate with the nasal 
bone; its posterior border is very thick, and divided by 
a groove into two edges, of which the internal (also 
posterior) articulates with the la^lwymal bone; the 
external (also anterior) is free, and forms part of the cir- 
cumference of the orbit ; while the intervening groove 
contributes to form the naso -lachrymal canal. (135) 
Just where this border joins the body of the bone, there 
is a little angle described by Bourgeir, as the lachrymal 
tuherde. It was pointed out by Lisfranc, who considers 
it to be of importance, as affording a surer guide than 
the tendon of the orbicularis, in the operation for fistula 
lachrymalis. 

82. Structure. Processes cellular, walls of the antrum 
compact. Development. By separate points for the 

datine, malar, and nasal processes ; by a point for the 
ly ; by several points (which are the first to appear) 
for the alveolar process ; and sometimes by an extra 
point for a little piece analogous to the intermaxillary 
bone of quadrupeds. This portion is indicated in young 
bones by a fissure, which if perfect would cut off the 
anterior corner of the bone, including the two incisor 
teeth. But this fissure, though often deep and distinct 
internally, is seldom continued on the facial surface of 
the bone. Another fissure, indicating in like manner an 
imperfect division of the bone during foetal life, extends 
(in young specimens) from the anterior end of the orbitar 
groove to the infra-orbitar foramen. When these clefts 
nave disappeared, their former position is still indicated, 
in many bones, by little sutures. The maxillary sinus 
develops gradually by age. AlRticulations. With the 
frontal, nasal, malar, lachrymal, ethmoid, palatine, 
inferior turbinated, vomer, opposite maxillary, teeth, 
and sometimes sphenoid, by the several points above 
mentioned. 

OP THE MALAR BONES. 

83. A pair of irregularly quadrilateral bones, occupying 
the upper and outer part of the face, and <:a\^^\^\s\%^\ ^ 
body and a process. Each, oi ^iko^ '^^t\a \it^'«k%\^'^ ^^^st. 
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eiamination Wo aurfaees, and four harders : the bodj 
also presents four angles. 

84. Body. The lareeirt. and thickest part of the bone. 
Placed ■vertically in Sie face, it forms the cheek in front, 
and contributea behind to the temporal and zygomatic 
foasffi. SuRPiCES. Outer or anterior. Smooth and 
convex, directed outward, forward, and a little upward, 
covered in the recent state, by a muscle,* and marked 
near the centre by a small Aofo— sometimes by more than 
one. These are the apertures of little passages' called 
the molar ca/aals, which will be presently described. 
Inner or posterior. Directed backward, inward, and a 
little downward ; presents Memally a triauRular rough 
Burface, which articulates with the malar process of the 
upper raaiillary ; at its outer and posterior part a 
smooth surface, narrow and very concave above, where it 
belongs to the temporal fossa, wider but less concave 
belojv, where it contributes to the zygomatic fossa, and 
presents the aperture of a malar canal. Angles. The 
superior, thick and serrated, articulates with the external 
orbitar process of the frontal; the anterior, thin and 
pointed, and the vajerior, obtuse and thick, artioulato 
with the malar process of the superior raarillary ; while 
the posferior, denticular, prominent, and bevelled, articu- 
lates with the zygomatic process of the temporal. 
BoRSERS. If a line Be drawn vertically from the upper to 
the lower angle of the bone, two of the borders will be 
found (W!(e?-ior, and two posterior to it. Of the former, 
one is omlmior-»-ap^rioT, and forms part of the orbit; 
the other ami&rior-vaferior, and articulates with the malar 
proc«SB of the npper maxillary. Of the latter, one ia 
poiterior-svper^, and corresponds to that part of the inner 
anrface which contributes to the temporal fossa ; the other 
is pos(ertor-m/mor, and corresponds to that part of the 
inner surface which contributes to the zygomatic fossa, 
jdnfertor-mtjperior, or orhHar border. Is smooth, concave, 
and rounded, and forms a considerable part of the circum- 
ference of the orbit. Arderxor-infermr, or maidllary 
border. Bough, and bevelled at the expense of the outer 
surface, to articulate with the npper mamillary ; which 
here overlaps the malar. Foaterior-auperior, or temporal 
border. Curved hke an italic /, and coutinuoua below 



MALAB BONES. 66 

with the npper border of the zygomatic process, above 
with the temporal ridge of the frontal. It forms the 
anterior limit of the temporal fossa, and attaches a strong 
aponeurosis.* Posterior'i/nferior, or zygomatic. Thick, 
especially in front, continuous with the lower border of 
the zygomatic process, and uneven for the attachment of 
a strong muscle.f 

85. Okbitae Process. A thin curved plate which pro- 
jects backward from the orbitar margin of the bone, at 
right angles to the posterior surface of the body. Its 
tipper surface, smooth and concave from side to side, con- 
tributes to the floor, and to the outer wall of the orbit. 
Its lower surface, also smooth, but convex, contributes to 
the temporal fossa. Of its borders, the anterior is identi- 
cal with the orbitar border of the body already described ; 
the sv/perior is serrated, horizontal, and articulated to the 
frontal bone just behind its external angular process ; the 
posterior, aLo serrated, is vertical, and joins the 
orbitar plate of the sphenoid ; the inferior (or internal) 
is serratiBd like the former, and horizontal for articulation 
with the orbitar plate of the superior maxillary bone. At 
the angle of junction between the two last-mentioned 
borders (i.e. the sphenoid, and the maxillcury), there is 
generally a very short rounded margin, which forms the 
anterior boundary of the spheno-maxillary fissv/re. Its 
length varies with the width of the fissure ; sometimes 
it IS entirely wanting. In this case the malar bone 
does not enter into the formation of the fissure, which is 
then completed in front by the junction of the upper 
maxillary and sphenoid. (This disposition is sometimes 
seen in one orbitar fossa, while on the opposite side of the 
skull the spheno-maxillary fissure is completed by the 
malar bone!) Upon the upper surface of the orbitar plate 
appear tiie orifices of one or two mala/r canals. We nave 
already described similar apertures on the two surfaces of 
the body ; and may now speak of the canals themselves. 
Though seldom entirely wanting, they are very irregular 
as to size, number, and course. A common disposition is 
the following. From the hole on the zygomatic surface 
of the body a canal runs a little way forward and upward, 
and then divides into two branches, one that ascends to 
open on the orbitar sorface, another that descends to 
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open, on the anterior or facial anrface. Sometimes therd 
&re several canals unconnected with each other ; and one 
or more may ceaae within the eubatanca of the bone. 
Some of them give passage to email nervous filaments ;• 
others a<^mit uttle nutrient vessels into the cancellouB 
tiaaue of the bone. 

86. STaDCTUBB. Compact externally, oollalar within. 
Devblopkent. By a single point. ATiTicDLA'tioNS. With 
the upper masillary, frontitl, temporal, and sphenoid. 



87- A pair of complei bones, situated between the 
palatine plate of the anperior masitlaryand the pterygoid 
ppoceea oi the sphenoid, and each conatstin^ of two plates 
joined at a right angle ; aji inferior hortzontal, and a 
anperior rerftcai. 

83. HoEizoNTiL or Palatine Plate. Thick, qnadri- 
laternl, and continuons with the palatine process of the 
superior maxillary ; like which process it presents two 
Burfaces and four borders for examination, Stibfacbs. 
Upper. Smooth, concave from side to aide, level from 
back to front, forming part of the floor of the noae. 
Low&r. This surface, level though rough, forms the back 
part of the hard pala,te, presents posteriorly a trans- 
verse ridije (often indistinct) for the attwchraent of a 
muscle,t and at the outer eittremity of this ridge, the oval 
orifice of the pogterior palatine canal. Near thin hole 
there are frequently the smaller orifices of one or two 
accessory posterior palatine canals, Lastly, from this 
aperture a groove mna forward, to beoome continaons 
with a similar groove on the palatlneprocesa of the upper 
maxillary, (79) and to transmit the samo vessels and 
nerves.J Edges. External. Joins the vertical plate. 
Internal. Straight, thick, aud serrated, for articnlation 
with the opposite bone; anrmonnted by a crest which 
helps to form a ffrooee, continuous with the groove formed 
by the two upper maxillarybones, and, like that, designed 
for the reception of the vomer. Anterior. Serrated, 
bevelled at the expense of the lower surface, and sup- 
ported by the palatine plate of the superior maxillary. 

de opbtlinlniio nerva, which 
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Poatenor, or QuUwral, This border, tliin, smooth, and 
concave, terminates the hard palate, and gives attach- 
ment to the soft.* By uniting with the internal border, 
it forms a projecting angle, which, when joined with 
that of the opposite side, constitutes the jposterior nasal 

89. Yertical Piatb. Thin, qnadnlateral, oblong, and 
inclined from below upward, and a Httle inward. Pre- 
sents for examination two surfaces, four borders, two 
processes, and a notch. Surfaces. Internal. Presents 
from below upward, first, a shallow horizontal groove, 
which belongs to the inferior meatus of the nose; 
secondly, a horizontal crest, with which the inferior turbi- 
nated bone articulates ; thirdly, another horizontal groove 
belonging to the middle meatus ; fourthly, a second crest, 
to which the middle turbinated bone is attached. These 
crests are called respectively the superior and inferior 
turbinated crests of the palate bone ; they are on a line 
with the corresponding crests of the superior maxillary 
bone already described (80). External. Uneven, marked 
with arterial impressions, and closely fitted to the inner 
^nrface of the upper maxillary ; with the posterior part 
Qf which it articulates in the united skull. It is traversed 
i)bliquely by a groove, which, with one that has been 
described on the superior maxillary, (80) forms the upper 
part of the posterior palatine canal: and it presents 
superiorly a uttle smooth surface, which appears in the 
zvgomatic fossa. Edges. Inferior. Joins at right angles 
tne horizontal or palatine plate. Anterior. Uneven, thin, 
and prolonged forward at its lower part into an angular 
process which contracts the entrance of the antrum. It 
18 received into a slit of the upper maxillary bone just 
below that orifice, whence it is often called the mojxillary 
process of the palate bone. Its form varies considerably 
in different skulls. — I have seen it a long ragged denticu- 
lation, wider at the extremity than at tne root ; at other 
times it is very short ; it is usually triangular, with the 
apex directed forward; and it always occurs below the 
level of the inferior turbinated crest. (It is very fragile, 
and frequently breaks during the separation of the bones.) 
Posterior. Uneven, hollowed by a narrowed groove which 
receives the anterior edge of the pterygoid process of the 



* Also called the velxua ']^'Iidn^QiXIi'^gtiiA^3u 
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aphenoid. The ans;le formed by the junction of ttua' 
Iwrder with the gnttnral border of the horizontal plate, ia 
prolonged into a triangular eminence called the Ptkahiiiil 
PEocBss, or mBEROsiTT of the palate bone. This proeesa 
projects downward, outward, and hacltward, and in received 
into the bifnrcation of the pterygoid process of the sphe- 
noid. It is fluted behind by three vertical grooves lying 
aide by side, of which the inner ia the deepest, and re- 
ceives the internal plate of the pterygoid process ; while 
the outer, less deep and distinct* but rougher, is joined 
to the external plate of the pterygoid process ; and the 
middle, wider, shallower, and smoother than the others, 
fills up the apace left by the bifurcation of the pterygoid 
plates, and so completes the pterygoid fossa. The lower 
Burface of the pyramidal process belongs to the palatine 
arch, and presents the orifices of one or two small aeeee- 
eory posterior poIuJiise canale. Its outer surface ia 
uneven, and articulates with the inner surface of Ha 
upper maxillary. Sii/perior ed^e {of the vertieal plate). 
Supports two processes separated by a notch. Of the 
processes, the posterior and shorter stands upward and 
inward, and is called the ephenoidal proceaa ; the 
anterior and longer stands upward and outward, and ia^ 
caUed the orhitar process ; while the intervening space^ 
ia called the apheno-palatine notch. Sphesoidal Procbsb, 
Presents three surfaces, an. internal, external, and sMge- 
rior ; and two borders, an antmior and a posterior. The 
inlenidl surface is smooUi, and contributes to the outer 
wall of the nasal fossa, lie exfemai surface is divided 
into two parts ; a posterior articulated to the inner sur- 
faiCe of the pterygoid process of the sphenoid ; and as 
anterior, of less extent, free, and forming part of the 
lygoraatic fossa. The superior surface or s^tmmit, artiou- 
lates with the anterior part of the floor of the sphenoidal 
ainusea, i.e., with the horizontal portion of the sphenoidal 
turbinated bone (which sometimes remains separate from 
the sphenoid, and is united to this process), and presents 
a groove which contributes to the pterygo-poliUine canal. 
Of the borders, the posterior, which ia thin and uneven, 
rests against the pterygoid process, while the nmferior, which 
is thiokei' and more even, forms the posterior boundary of 
the spheno-palatjne notch. Okbiiaa Process. A hollow 
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apophysis, formed of tliin laminaB which include a cell, and 
supported upon a contracted pedicle or neck. At the base 
of this pedicle occurs the superior turbinated crest of the 
palate bone (already described) ; and just above that crest, 
on the inner surface of the pedicle, is a little transverse 
ffjyove belonging to the upper meatus of the nasal fossa. 
The orbitar process presents three aspects, an inner, an 
(mter, and an upper; which last is called the summit 
But the inner and outer aspects are each subdivided into 
an anterior and posterior part, so that there are altogether 
five surfaces for description ; viz., an orbitar, a maxillary, 
a sphenoid, an ethmoid, and a zygomatic. The respective 
directions of these several surfaces are best observed, by 
joining the palate bone to the upper maxillary, and 
successively applying the contiguous bones. Tipper 
aspect (or orbitar surface.) Directed upward and out- 
ward ; smooth, triangular, continuous with the orbitar 
plate of the upper maxillary, and consequently forminff 
part of the floor of the orbit. Outer aspect, anterior divt* 
sion (or maaniltary surface.) Directed outward, down- 
ward, and forward; oblong, uneven, and articulated to 
the inner surface of the upper maxillary. Outer aspect, 
posterior division (or zygomatic surface^ Directed out- 
ward, downward, and backward ; oblong, smooth, free, 
continuous with the zygomatic surface of the upper 
maxillary, and belonging to the zygomatic fossa. Inner 
aspect, anterior division (or ethmoidal surface.) Directed 
inward, upward, and forward, to articulate with the 
ethmoid. Inner aspect, posterior division (or sphenoidal 
swrface.) Directed inward, upward, and backward, to 
articulate with the anterior wall of the sphenoidal sinus, 
i.e., with the vertical portion of the sphenoidal turbinated 
bone. On one or other of the two last-mentioned sur- 
faces appears the large ragged orifice of the cell that 
excavates this process. When this cell opens on the 
ethmoidal surface, it communicates with the posterior 
ethmoid cells ; when on the sphenoidal surface (which is 
the usual arrangement), it communicates with the sphe- 
noidal sinus. I have a specimen in which this process 
eontains two cells, one communicating with the ethmoid 
eells, the other with the sphenoidal sinus. Spheko- 
PALATINE Notch. Bound ana smooth, converted into a 
hole called the spheno-palatvne foramen by the ai^hecLCJ^^sSc 
turbinated bone, or sometimes \i"y ^ ^v^ o^ Xscrafc ^"^^"^^^ 
horizontally between the two pxo^ttB^^ V^^ ^«^^xiQR»- 
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This holeit 

whieli divid 

palate bone in whieh it is triple. It forniB a, 

tion between the nasal and zygomatic foaste, lodges a 

nervowa ganglion," and transmits an artery .t 

90. Structuke. Compact where thin, cellular in ita 
thicker parts. Development. By a single point, which 
appears at the base of the pyramidal process. Artiod- 
LiTiON. Principally with the npper maxillary, to which 
it is a kind of appendage ; also with the opposite palate 
bone, the ethmoid, sphenoid, sphenoidal turbinated, 
inferior turbinated, ana vomer. 



91. A pair of small oblong bones, situated in the npper 
Bnd middle part of the face, and concurring to form the 
bridge of the nose ; they slant from above obliquely 
downward and forward, are rather variable in form, 
and present for examination two ewrfacea and four 
borders. 

92. SoBEACEs. Anterior. Directed forward, upward, 
and outward ; smooth, more or less concave from above 
downward, convex transversely, covered Jn the recent 
state by a muscle, marked with minute arterial furrows, 
and perforated in the middle bv a small hole for the 
transmission of a little vein. This hole is sometimee 
absent ou one side or both ; at other times it is double, 
or surrounded with several smaller ones. The foramen 
ceecum of the cranium baa been seen to open on this sur- 
face. (72) PoBterioT. Convex from above downward^ 
concave from side to side, traversed by minute arterial 
furrows, and by a very distinct longitudinal groove 
(sometimes a complete canal) which transmits a small 
nervB-J This surface also presents the inner orifice of the 
little venous foramen described above. 

93. BORCeaa. Superior. Short, thick, serrated, con- 
Tei, and articulated with the nasal notch of the frontal. 
Inferior. Longer and thinner than the upper, sloped 
obliquely downward, backward, and outward, articulated 
to the lateral cartilage of the nose, and interrupted in. the 

■ Spheno-palBtine. 

f NaMl branch of the intomal maiilkTy. 

t A Sliment ol the iuUiual naeal Iviig of the oshtiulnui:. 
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middle by an angtdar notch for the transmission of a 
nerve.* The angle of junction between this border and 
the internal is very acute, and concurs with the similar 
angle of the opposite bone to form a sharp eminence, 
sometimes called the ndsal angle. External. Thicker 
above than below, slightly serrated, and bevelled at the 
expense of the anterior surface above, of the posterior 
surface below. It articulates with the nasal process of 
the upper maxillary ; overlapping it below ; overlapped 
bv it above. Internal. Shorter than the external, thicker 
above than below, prolonged behind into a longitudinal 
crest (more prominent above than below), which with the 
corresponding ridge of the opposite bone forms a groove 
that receives the nasal spine of the frontal, and the per- 
pendicular plate of the ethmoid. 

94. Structure. Cellular iuternally, especially at the 
upper part, where it is thickest. Development. By a 
Bmgle point in the centre. Articulation. With the 
frontal, lypper maxillary, ethmoid, and opposite nasal. 

or THE INFERIOR TURBINATED BONES. 

96. A pair of little oblong porous bones, situated in 
the nasal fossas, the outer walls of which they traverse 
horizontaUy, one on each side, just below the orifice of 
the antrum. Their size is very variable.f Their figure 
is like that of a scroll, being curved, or as it were, rolled 
up, so as to present a convexity towards the nose, a con- 
cavi^ in the opposite direction. They have two surfaces, 
two borders f two extremities, and three processes. 

96. Surfaces. Spongy, free, perforated with vascular 
holes, and covered in the recent subject with the lining 
membrane of the nose. The internal is convex, and 
traversed by one or two longitudinal furrows (sometimes 
complete canals) for small arteries ; the external is con- 
cave,;{; and contributes to form the inferior meatus of the 
nose. 

97. Edges. Lower. Free, cellular, thick, especially in 



* A filament of the internal nasal twig of the ophthalmic. 

t A person in the habit of separating skulls informed me that in 
the finest skulls these bones are sometimes shrivelled and small ; 
while in skulls, otherwise imperfectly developed, they are fre- 
quently large and well marked. 

X Sometimes so much so as to '^leBSiiX ^XiSkSMX ^^ %:^^^rwsm&s^ ^ 
a sinus. 
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the middle, and oonvei in tlie longitudinal direei . 

UppBT. Thin, often very nneven, and divided into three 
portions ; a, pneierior, which articulates with the inferior 
turhinaied oreaf of the palate bone ; (89) an miierior, 
which articnlat«B with the inferior titrhmofed etresi of the 
upper maxillary ; (80) and a middle, which paBses acToss 
tie lower part of the oriflee of the antrum, ao as to 
diminish i1^ extent. Jnst in front of this intermediate 

Crtion arises a httle pyramidal eminence, called the 
■.hrymal proee.B$. This articulates hy its summit with 
the angle of the lachrjrmal bone, and by ita two borders 
with the lipa of a groove (80) on the upper maxillary, 
with which it concurs to form the naao-lai:krym,al canal, 
Juet behind the intermediate portion another little an^le 
called the ethmoidal process asceads to join the ethmoid 
bone. It varies mncb in size and form, and is some- 
times double. Lastly, between these two eminences a 
gmall lamina of bone curves downward and outward, 
hooking over the lower edge of the orifice of the antrum. 
This is commonly called the maxillary (by Bertin, the 
(MiricwW*) process i it fixes the bone very firmly in ita 
place, hanging: it, as it were, upon the outer waU of the 
nasal foHaa. 

98. ExtREMITrEB. Posterior. Long and sharp. Anie- 
rior. Short and rounded. 

99. Stbdcturb. Of numerous laminte of eompari tis- 
sue, so irregularly disposed, that the whole resembles a. 
mass of cellular or spongy tissue. Development. By one 
central point. AaTicnLAiioNs. With the upper maxil- 
lary, palate, ethmoid, and lachrymal bones. 






100. These, the smallest, thinnest, and most fragile of 
the facial bones, are situated at the anterior part of the 
inner wall of the orbit, and present for exammation two 
turf aces and four borders. 

101. Sdbpaces. External or orbitnr. Divided by a 
vertical ridge into two unequal parts ; a posterior and 
larger, fiat, smooth, and continuous with the orbitar plate 
of the ethmoid ; an anterior and narrower, perforated 
with httle vascular foramina, and concave transversely so 
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to form a longitndiiial cliaimel, whicli, together with 
one that has been described on the nasal process of the 
m)per maxillaiy, forms the lachrymal groove of the orbit. 
lAnR groove lodges a little sac of the same name, and is 
oontinnons below with the naso-lachrymal canal,* (135) 
by which it commnnicates with the inferior meatus of 
tne nose. The ridge itself is sharp and prolonged for- 
ward below into a little hook-like process, which articn- 
lates with the lachrymal tubercle of the upper maxillary, 
and completes the upper orifice of the naso-lachrymal 
ea/nal. This erbremity is sometimes a separate piece, 
which has been described as the lesser lachrymal bone. 
Internal or nasal. The exact reverse of the outer ; 
traversed by a vertical groove, corresponding to the ex- 
ternal crest; and presenting an anterior convex part, 
which corresponds to the lachrymal groove, and belong* 
to the middle meatus; a posterior and wider portion, 
which corresponds to the orbitar plate of the outer sur- 
face, is uneven, and articulates with the ethmoid, com- 
pleting its anterior cells. 

102. BoRDEKs. Superior. Short, thick, and articu- 
lated to the internal an^lar process of the frontal. It 
often presents a little half cell, which is completed hj 
the frontal. Inferior. Divided by the end of the verti- 
cal ridge into two parts ; a posterior, straight, and articu- 
lated to the orbitar plate of the upper maxillary; an 
a/nterior, elongated into a sharp process which is called 
the angle of the lachrymal bone ; and which, descendinff 
to meet the lachrymal process of the inferior turbinated 
bone, assists to form the naso-lachrymal canal. PoS' 
terior. Thin, uneven, and articulated with the anterior 
border of the orbitar plate of the ethmoid. Anterior, 
This is the longest border ; it articulates with the inner 
of the two lips or edges that occur at the back of the 
nasal process of the upper maxillary, and frequently 



* The upper part of this passage is frequently called the lach- 
rpmal canaL, while the lower portion is distinguished as the nctidl 
cancU, This subdivision is very loose and indefinite, and if it were 
accurate would serve no useful purpose. It seems inconsistent to 
distinguish the opposite ends of the same canal by separate names, 
while the two portions of the glenoid cavity, entirely differexvt ^ 
form and function, situated on two diSQT«»Ti\. ^-tVAfCfask ^\ Siwak\i!s«ssj!«^:^ 
bone, and separated by a deep ftsBwre^wft \\i<:\xjLi^ft^xvxA«t ^•^^'"^^^^ 
deaigDAtionj and remain imdi&t\iifsa\B\i«^\« «x!Qfc^\. V3 ^ v^-^V^^^****** 



T groove, into which that Up ia re- 

j-uii. ^iiiLiviunr.. Of extremely thin, compact tissue. 
Devblopmbst. By a single point. AaTicuuTioss. With 
the upper maxillary, frontal, nasal, and inferior tarbinated 

as THE TOUEB. 

X04. This is a thin, flat, qaadnlateral bone, single and 
median, eet np veri^ically in the nasal foasffi, and forming 
the posterior part of their aeptnm. It is frequently bent 
80 as to be convex on one side and concave on the other,* 
in which case the nasal fosste are of unequal sixe. It ia 
Bometimes perforated by a hole which forma a coramnni- 
cation between these cavities; it is compared to a plough- 
£hai^, as to form ; and it preaonts for examination two 
lateral eurfacea and fonr borders. 

105. LiTeaiL Subfacbs. Theae are smooth, and 
marked with shght vascular furrows ; each presents at 
its lower part the naio-palaUne groove, which runs 
obliquely downward and forward, to the upper orificef 
of the anterior palatine ca/nal. (79) It becomes deeper 
as it advances ; and it lodges a nerve of the same name. 

106. BoRDBBJS. Upper, or Sphenoidal. The thickest 
part of the bone ; presents two lamina (called the alaa 
of the vomer) separated by a deep grouae. The groove re- 
ceivea the rostram of the sphenoid, and the alw are over- 
lapped and retained by two little projecting laminfe of the 
sphenoid, formerly described. Between the aurfaces of 
tbia articulation a apace is left for the transmission of 
small nervea and vesaela to the substance of the bone. 
Inferior. The longest border. Broad and uneven an- 
teriorly, thin and sharp posteriorly, it ia received in front 
into the groove formed by the junction of the upper 
maxillary bones, and behind into that which results froia 
the union of the palate bones. Posterior. Thick and 
bifurcated above, thin below, everywhere smooth and 
free. It is sometimes straight, bnt generally concave, 
and it separates the posterior apertures of the nasal 

* SoDiPtimcB 80 much so as to toach the inferior tnrbiimted bone 



INFERIOR MAXILLARY BONE. 75 

fossaa. Anterior, Channelled in its upper half to receive 
the vertical plate of the ethmoid ; sometimes channelled, 
sometimes smsle helow, where it unites with one of 
the nasal cartilages.* The channel of this edge is con- 
tinnons with that of the npper. Of these four edges 
the upper and lower are horizontal; the anterior and 
posterior slope obliquely from above downward and for- 
ward. 

107. Sthtjcttjrb. Of two laminae of compact tissue, 
separated by a few cellules above, and coalescing below. 
Development. By a single point of ossificatioa; which, 
however, is divisible into two lateral laminae. Articula- 
tions. With the sphenoid, ethmoid, upper maxillary, and 
palate bones ; also (by its upper border) with the sphe- 
noidal turbinated bones. 

OF THE INFERIOB, MAXILLARY BONE. 

108. This, the largest of the facial bones, single and 
symmetrical, consists of a lower curved part called the 
hod/y ; and of two straight portions which rise nearly 
at ri^ht angles from the body behind, and are called the 
rami or branches. 

109. Body. A thick, strong plate of bone, curved upon 
itself like a horseshoe, and presenting for examination, 
two surfaces f and two borders. Surfaces. Anterior, 
Convex from side to side, concave from above downward ; 
and marked in the middle by the symphysis of the chin, a 
vertical ridge formed by the union of the two pieces of 
which the bone consistea in childhood ;t this terminates 
below in a triangular subcutaneous eminence, called the 
mental process. On each side of the symphysis, and above 
the mental process, there is a shallow depression for the 
attachment of a muscle ',X SLud external to this appears an 
oval hole called the foramen m^nti. This hole lies exactly 
beneath the second bicuspid tooth, is the external orifice 
of the inferior dentar canal, and gives passage to vessels 
and nerves.§ From the base of the ment^ process on 
each side arises a ridge, which, running at first horizon- 



* The triangular cartilage, 
t These pieces remain separate in many animals; in serpents 
they are united by a movable articulation which allows the jaw to 
open laterally, and enables the reptile to swaLLow «i ^ct^^ Xkcsg^ 
than his own head. 

t Levator menti. ^ 'isilensst TM^aS^^^x^* 
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tally backward, afterward backward and upward, is con- 
tiu-aed into the anterior border of the ramus. This ia 
called the external oblique line; it gives attachment to 
several mnsclea.* PoKtm-ior. ConoaTe from side to side, 
convex from above downward, presenting in the miildle a 
vertioal/urroio correspDndin^ to the ridge on the opposite 
aide, and like it indicating the aymphynis of the chin. 
Beneath this are seen four little tubercles placed in two 
pairs, one above the other, and called the jeni'ni prucesaeB. 
They vary in prominence, are frequently indistinct, and 
sometimeB appear to coalesce into one irregular tubercle 
(in three or four skulls I have here a sharp spine a quarter 
of an inch long) ; they serve for the attachment of 
muscles.f (I have oflen observed here two little holes 
for the tranBmiesion of nutrient vessels, one above, the 
other below, these tubercles ; the upper is the larger and 
more constant.) On each side of the genial processes is a 
shallow, smooth, oval cavity, called the mthlingual fossa, 
which lodges a salivary gland of the same name. Below 
this fossa, on each side, is a rongh depression for the 
insertion of a muscle, J At the-outer esitremities of these 
cavities commence the internal oblique Unea, ridges which 
are more prominent than the corresponding external tines, 
and which run backward and upward along the body to 
the rami, where, makinig an angle, they ascend nearly 
vertically to form the inner hp of the groove which marks 
the anterior border of the ramus. They increase in 
prominence as they approach the ramus ; and they give 
attachment to two muscles. § Beneath the most proniiuent 
part of the internal oblique line is Been an oblong shallow 
cavity, called the submaxiUary fossa, which lodges a 
salivary gland of the same name. EnGEs. Inferior. 
SorizontiS, rounded, thicker before than behind; and 
traversed just where it joins the lower border of the 
ramus by a polished, shallow, vertical depression, over 
which an artery|| turns. This border gives attachment to 
a muscle.^ Upper at alveolar. Harrow in front, wide 

■ Dcipnisear tabii inferlnris, and doprsBSor angiili oris, above ; 
platisnia myoide a below, 
t Upper pair to tha gonio-glosii, lowar pdr to tbe Benio-hyoidei. 
t DigftBtric. 
i Mylo-hyoidena in front, BUperior conatrittcr of the ph»rym 

// Facial. ^ PlatiamB. mjoidcB. 
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and tamed a little inward beliind, and pitted with sixteen 
aibveoli or sockets for the teeth. Of these the ten anterior 
(which receive the incisor, canine, and bicuspid teeth) are 
single ; while the three posterior on each side (for the 
large grinders) are each subdivided into two or three 
cavities which receive the fanes of the teeth. These 
sockets are perforated at the bottom by holes for the 
transmission of vessels and nerves to the teeth ; and, like 
those of the upper jaw, form a series of prominences 
separated by depressions on the outer and inner surfaces 
of the alveolar arch. In the old edentulous jaw the 
alveoli, rendered useless by the loss of the teeth, are 
absorbed, the height of the body is diminished, and but 
little of it appears above the oblique line. In the infant, 
on the contrary, when the teeth are still contained within 
the jaw, the alveolar process is proportionably deeper than 
in the adult, and the chief part of the body lies above the 
oblique line. 

110. Eami. Two quadrilateral flat plates of bone 
which ascend in the lateral regions of the face, and 
present for examination two surfaces, four borders, and 
two processes^ separated by a notch. Suhfaces. External. 
Uneven and slightly concave, turned a little outward at 
its lower part, where it presents the rough impressions 
of a strong muscle,* by which, in the recent subject, it is 
entirely covered. Internal. Presents in the centre the 
oval oblique orifice of a passage in the bone, called the 
itrferior dentar canal. This canal descends obliquely 
forward in the substance of the ramus, enters the body, 
runs horizontally forward beneath the alveoli (diminish- 
ing in size as it proceeds) till it reaches the incisor teeth ; 
here it turns back to terminate at the mental foramen, 
giving off, however, from its angle two little canals, a 
sn^noT and an inferior, which run forward beneath the 
incisor teeth, and lose themselves in the ceUular tissue of 
the bone. The walls of this canal are compact near its 
extremities, cellular in the middle ; it is perforated with 
holes leading into the alveoli, and conveys vessels und 
nervesf to the teeth. In the posterior two thirds of its 
course it is nearest the internal surface of the jaw ; in 
the anterior third to the outer surface. The margin of 
its superior orifice is prolonged npward, mtemaUy, mto a 



* Maaaeter, \ InleAox ^<sa\»x. 
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apinouB pTooesH, for the insertion of a ligament;* and 
presents, posteriorly, a not^h which giwea passage to a. 
nerve.f Prom thia notch a small groove runs ohliqnely 
downward and forward, to terrain ate at the posterior ex- 
tremity of the sablingual fosa^. It is called the Tnylo- 
hyoid groove, and transmit* a nerve and vessels of the 
same name. Lastly, this surface presents, at its lower 

Sart, some mgosities for the attachment of a muscle.^ 
OEDEBS. Anterior. Smooth, concave, and nearly vertical, 
hnt sloped a httle from above downward, forward, and 
inward. It presents a groove which ia eontinnons with 
the alveolar border of the hody, and gives origin to a, 
muscle. § The two lips of thia groove are formed by the 
terminations of the mtemal and external obliqne lines. 
FoeterioT. Thici, smooth, rounded, nearly parallel to the 
anterior, and forming by junction with wie inferior, the 
angle of the ja-m. Thia la a ronnded, hlnnt angle, de- 
flected a little oatward, rough on each side for the inser- 
tion of a, mnscle,|| and intermediately for the attachment 
of a ligament.^f Its shape varies considerably at dif- 
ferent periods of life. In infancy, before the jaws are 
separated by the growth of the teeth, it ia verj obtuse. 
In the adult, when the ramus becomes almost vertical (in 
order to leave room between the jawa for the teeth), it is 
nearly a riaht angle. In the aged, when the teeth are 
ahed and the jaws fall together, it ^ain becomes obtnae : 
then the chin ia thrown lorwMii, the lips fall in, the face 
shortens, and the countenance asanmes the appearance 
peculiar to old age. Inferior. This border ia abort, thick, 
atraight, and continuous with the lower border of the 
body ; the point of junction ia indicated by a shallow 
arterial groove, already described. Superior. This bor- 
der, which ia thin and curved, snpports two processes; 
an anterior, non-articnlar and turned a little outward, 
called the corojtoid process; a posterior, articular, and 
directed somewhat inward, called the condyloid proceaa. 
These are separated by an interval, called the sigmoid 
notch. CoRONOiD Peocess. a thin, amooth, triangular 
e of variabla shape and size ; it ia flat internally 

• Inlernftl lateral of jaw. 

+ Mjloliyoid branch of inferior denlar. 

i Internal pterygoid. § nncdnntor. 

Masseler eitemally ; fntemal pterygoid internally. 
t Btylo-maiiUoiy, 



INFEEIOR MAXILLARY BONE. 79 

and extemallj, presents a thin margin before and behind, 
and by its summit attaches a large muscle.* Condyloid 
Pbocess. Is shorter, but thicker than the former, and 
consists of two parts, the cond/ylef and the neck. The 
neck is the contracted portion which supports the con- 
dyle ; it is flattened from before backward, smooth and 
convex posteriorly, hollowed in front by a concavity, 
called the pterygoid fossa^ for the attachment of a 
muscle ;t narrow internally and externally, in which 
latter direction it presents a tubercle for the attachment 
of a ligament. J The condn/le is of an oblong shape, with 
the long axis transverse ; it is convex from before back- 
ward, and from side to side, and set obliquely on the 
neck, in such a manner that its outer extremity rises 
somewhat higher than the inner, and is also turned a 
little more forward. Thus the long axes of the two con- 
dyles, if prolonged inward, would form an angle, with the 
apex directed downward and backward. A corresponding 
obliquity is observed in the glenoid fosssB of the tem- 
poral bones, and it facilitates considerably the rolling of 
the condyles, in the transverse motions of mastication. 
The condyles are covered with cartilage, which extends 
farther on the posterior than, on the anterior surface, and 
they articulate by the intervention of an articular fibro- 
cartilage, or meniscus, with the anterior part of the 
glenoid cavity of the temporal bone. (59) Sigmoid 
notch, A large semilunar depression formed between the 
processes just described, and closed above (in the united 
skull) by the zygomatic arch. The space thus circum- 
scribed gives passage to nerves and vessels. § 

111. Structure. Of reticular tissue, enclosed in a com- 
pact layer, and traversed by the dentar canal. Develop- 
ment. By two principal centres of ossification, which 
afterwards unite at the symphysis ; in addition to which 
are two points for the two coronoid processes, and one 
for a separate plate, which forms the lower edge of the 
bone in the foetus. Articulations. With the temporal 
bones, and the teeth. 



* Temporal. t External pterygoid. 

% External lateral { Massetric. 



112. Small, extremely hard, caleareons organs (differ- 
ing in poBition, organization, and mode of growth., from 
the bones), iraplaiitud in tlie alveoli of tte jaws, and pre- 
Benting in general the form of an irregular cone, whose 
apes, single or divided, correaponde to the bottom of the 
eockets, while ite base prtg'ectB into the cavity of the 
month. There are distrngiiiahed in every tooth, a part 
which 19 concealed within the jaw, called the root! a part 
which ie eiternal and covered with hard enamel, called 
the crown ; and a line of junction between the two, which 
beinn somewhat contracted is called the neck. The teeth, 
of which in the adnlt there are tbirty-two, sixteen in each 
jaw, are divided into three clases ; incisorn or cattiHg 
teeth, canine or tearing teeth, and ■ntolar or grinding teeth. 
In each class the crown and the root ^present certain cha- 
racteristic pecnliarities of form and size. 

113. Incisors. The four front teeth in each jaw. Orovm, 
Wedge-shaped, straight and sharp at its free border, 
shghtly convex in front, and concave behind : its enamel 
is thinner behind and laterally than in front, and termi- 
nates at the neck in a curved margin, the concavity of 
which is turned toward the ontting-edge. Root. Single, 
conical, traneverselj flattened, thicker hefore than behind, 
and marked on each side with a slight longitudinal 

The BnperioT incisors are larger and stronger than the 
inferior. In the upper jaw the two middle are larger than, 
the two lateral incisors. In the lower jaw, on the con- 
traiT, the two lateral are larger than the middle pair. 

114. CiBiME. These, four in number, are the longest 

' Strictly speHkdng tha deecriplion of tbeeo organa does not 
belong la oatcDlogy. The tranBotadcnUI auatomistB. who ceijard 
tlio lower JBW as a pair of cephalic prehensile organs, or limbs. 



main in the higher nuumnalio. _ 

matelf connected with the Iwnes, and usually ramuD attaobed In 

the proasrved specimens which fall under the notice of the stndent, 

tUa pla«, A compendious accouuC uf Uieir structure and dev^op. 
meat will be found in Mayo's "Outlines of Physioli^7," 4tli 
ediiiiio, p. idO. 
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of the teeth. They are placed, two in each jaw imme- 
diately behind the incisors, which they separate from the 
grindmg teeth. Crown. Somewhat pyramidal, concave, 
and rather uneven behind, convex in front, and terminated 
at the summit by a blnnt point. Boot Like that of the 
incisors, but very long and thick. 

The two upper canine (vulgarly called eye-teeth) are 
longer and larger than the two lower, and are situated a 
little behind uiem. In some subjects they extend to the 
base of the nasal process. Cruveilhier mentions speci- 
mens in which he has seen the canine developed in the 
substance of the nasal process, and in an inverted posi- 
tion (the root being turned downward, and the crown 
upward). 

115. Molar. These, the largest of the teeth, are twenty 
in number, ten being situated m the upper, and ten in the 
lower jaw. In the upper jaw they occupy the s^ace 
between the canine tooth and the maxillary tuberosity ; 
in the lower jaw they fill up the interval between tn© 
canine tooth and the ramus. They are counted from 
before backward, the first pair being next the canine, 
while the last are contiguous to the ramus. The root of 
the molar teeth is divided into fangs ; the crown, is wide, 
short, flattened at the summit, and provided with 
tubercles, by which it is adapted to grina the morsel of 
food that li.8 been cut off by the incisors, or torn by the 
canine teeth. They differ in bulk, and in the number of 
their tubercles; and these variations have led to their 
division into two classes. The first two pairs in each jaw 
are smaller than the rest, and have only two tubercles ; 
hence they are called small molarSf or hicuspidcUif the 
three remaining pairs in each jaw are large, and present 
several tubercles ; hence they are called ia/r^e molar, or 
multicuspidati teeth. Bicusfidati. Are eight in all; 
four being situated in each jaw, two on the right, and 
two on the left side. The upper correspond to the canine 
fossa, and the lower are placed immediately under them. 
Crown, Irregularly cylindrical, flattened before and 
behind, where it touches the adjacent teeth, convex in- 
ternally and extemaUy, and terminated at the summit by 
two blunt points, separated by a deep notch. Root, 
Single, deeply eroovea on each side, perforated at the 
summit by two holes, and 8ei>arated from the crown by & 
nearly circular neck. It is 8ometimAA\nSA\ v«^waaJ^\&. 
the upper jaw. 
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The superior bicuspid teeth are distingniahed from tha 
inferior by their greater Bize. Their tnbercleu also are 
more pointed, and separated by a deeper groove ; their 
roots are more frequently bifid ; indeed, tbe second of the 
snperior bicnspidati is known by its root being generally 
bifurcated. The first inferior bicuspid ia dietioguished by 
the prominence of ita enter tubercle, which give it some- 
what the appearance of a canine tooth. MnLTicyspiBiii. 
Of these there are three pairs in each jaw. They are 
designated nomerically, firat, second, and third ; the last 
pair being also called, from the lateneBS of their appear- 
ance, the wisdom teeth. Crown. Large, cuboid, flat before 
and behind where it corresponds to the contiguous teeth, 
eonves erfsmally and internally. The BTtnding surface 
generally presents four tubercles separated by two grooves 
which cross each other in the middle. There are sonie- 
tdmes five tubercles ; and the surface, in other instances, 
presents an irregular wrinkled appearance. Boot. Gene- 
rally double in the lower, triple in the upper lai^e 
grinders : sometimes divided into four or five langs. 
These are generally divei^nt; sometimes parallel, and 
sometimes curved at the point so as to embrace a portion, 
of the ^aw. When there are two, one is anterior, the other 
posterior ; when there are three, one is internal, two are 
ejLternal. The large grinders are distinguished from each 
other by their size, which diminishes from the first to the 
last. The wisdom tooth, which is the latest to appear, 
presents considerable variety in its form and growth. 
Sometimes its fangs coalesce into one ; sometimes it re< 
mains buried within the jaw ; I have seen it growing 
straight forward from the ramus, 

lid. The permanent teeth are preceded by a deciduous 
set, similar m their general characteristics, but smaller, of 
a more deUcate testure, less firmly rooted in the jaws, 
and fewer in number, than the permanent. They 
amount to twenty only ; four incisors, four molars, and 
two canine, in each jaw. The deciduous indsorg have a 
serrated appearance, piroduced by little tubercles of 
enamel surmounting their cutting margin; the eanijie ara 
more pointed and prominent in the deciduous than in the 
permanent set; and the molar have sharper tubercles, 
and seldom more than three branches to their roots. 
They appear about the sixth month, and begin to be shed 
about the sixth year ; the permanent rising, pair after 
j>au; to Bupplj their places. 
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OP THE HTOID BONE. 



117. This is a bony arch, of the shape of a horseshoe, 
formed of three segments, called the body, and the comua, 
or greater horns, and presenting at its upper part two 
little appendages, called the cornicula, or lesser horns. In 
yonth these five pieces articulate by cartilaginous surfaces, 
and are held together by ligaments. Towards middle age 
the three segments of the arch generally coalesce ; the 
Cbmicula remain movable much longer; but in very old 
subjects the five pieces are commonly united into a single 
bone. 

This compound bone, which derives its name from its 
resemblance to the Greek Upsilon, is suspended horizon- 
tally in the neck beneath the lower jaw, to the body of 
which it is parallel. It is supported in its position entirely 
by the muscles and ligaments to which it gives insertion ; 
being the only instance in the human body of a strictly 
BolitaiT bone.* To facilitate its study, we shall describe, 
first, the body, secondly, the greater horns, and lastly, the 
lesser horns. 

118. Body. This is the anterior and central portion of 
the arch. It is of a (quadrilateral shape, presenting for 
examination, an anterior, a posteiior^ and two lateral 
surfaces, and an upper and lower margin. Surfaces. 
Anterior, Convex, oirected forward and upward, and 
traversed by two ridges ; one horizontal, dividing it into 
an upper and a lower portion ; the other vertical, crossing 
the former at ri^ht angles, and subdividing each portion 
into two latersLl halves, each of which presents an oval 
depression. At the point of intersection of the two ridges 
there is a prominent tubercle. The portion above the 
horizontal ndge is directed more upward than the portion 
below, and is sometimes described as the upper border of 
the body; in such descriptions what we call the lower 
cUvision of the anterior surface, constitutes the entire 



* The tranBcendental anatomists consider this bone, together 
with the teeth and the cartilages of the larynx and trachea, to 
represent in the higher mammalia the spIanchruU skeleton of the 
inferior orders, just as the epidermis and its appendages are 
vestiges of the dermal skeleton. The office of the former skeleton 
is to separate the animal from foreign objects admitted into its 
interior, as that of the latter is to separate it from external n«.t«nft^. 
Their conceptions on this, as on man^ o\k<^T Y^VaXa^vg^'^tM^^oa 
to be philosophical and jusL 



anterior surface.* The upper division gives attftchment 
to three pairs of musclea ;t the lower to two paira of 
intiacleB;t and to an apononroaiH.J Posterior. Concave, 
directed backward and downward, and separated in the 
recent state by a membrajie,|| and by a quantity of yellow 
oellnlar tisane, from the i^iglottia (or hd of the laryns). 
Svferior. Rounded and nne»en ; attaches part of two 

Eira of muscles,^ and of a membrane.** Inferior. 
inger and thiuuer than the superior, and situated in a 
plane somewhat in advance of it. It attaches three x)air8 
of muscles.'H' Lateral. Short, oval, slightly convex, and 
either covered with cartilage for articulation with the 
greater hor»s ; or joined to them by an osseons union. 

119. Greater HoRNa, or OoEsoi. Project backward, 
and a little outward, from the body, diminish in aize from 
before backward, and terminate behind in a tnbercttfar 
extremity. Each presenta two sv/rfaeea, two hordei-e, and 
two ends. Sdrjaces. (hder. Looks outward and up- 
ward, is continuous with the anterior aurface of the body, 
and pves attachment to part of two mnacles.JJ JiMier. 
Looka inward and downward, and is covered in the recent 
rtate by a membrane. §§ Bordbbs. Sitverior. Sharper 
and shorter than the inferior; attaches part of two 
muscles,§§ andot*membrane.|||| Infitrior. Situatedon a 



■ This !b why the attachmeDtB of the muscles t 
appear lo bo bo tutIoiibIj stated by different a 



^trihnting lo tha torAr what others rrfar t 

^ Geuio-hyoidei in front, and part of genio-hyo-glofisi and Htt- 
goalea, behind. 

] U;lo-h;oid iDtemally, stylo-hyoid extemnlty. 

t AponourosiB of the mgaatric {| Thyro-hyoid. 

^ Pari of penio-hyo-gloBai, and lingnales (whirb are, however, 
principally attached to tho upper dividon of tlxe anterior surfacfr^- 

•• Thyro-hyoid. (This membraoe is almost universally da- 
Bcribod as being attached lo the Itneer border of the bone. Oriiveil- 
hier and Bonigety are the only aDalomists (aa far afl I know^ who 
have deBcribod ita conneiion correctly. The fact, however, Is 



hondle of aacalpel between the pmu 
tile ant^ri/r aurrace of the membrane) 



Batiafy himself by pi ^ 

pogisrior surface of the bone, and' 



,, rno-hynid in front, fhjro-hyoid behind; and omo-bjoid 

eiternnlly, JQst at Uie funotioB of the body and greater hum. 
JI Thyro-hyoid below, hyo.g!osana above. 
fffi Saperior constrictor of pmryux and hyo-glnssua. 
^ Tbyro-hjoid membrane. 
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plane external to the former ; gives attachment to part of 
a muscle.* Ends. Anterior* Grows to the body in the 
adult, articulates with it in youth by a concave cartila- 
ginous surface. Posterior. Is smaller than the anterior, 
and presents a round tubercle for the attachment of a 
ligament.* 

120. L£SS£B HoBi^s, or Cobnicula. Two little pyramidal 
eminences, varying considerably as to size and shape, in 
different individuals, or even in the same individual on 
opposite sides. Each is articulated by its base to the 

Eomt of junction between the body and greater horn ; and 
y its simimit, which is directed backward, upward, and 
outward, gives attachment to a ligament.f 

121. Structure. Cellular in the body, compact in the 
horns. Development. By an ossific point for each of 
the five pieces of which the bone consists. Connexions. 
With thei various muscles and ligaments mentioned in the 
notes. The ligaments by which the lesser horns are con- 
nected to the styloid process are sometimes ossified. This 
irregularity establishes an analogy between the cLppareil 
h/ymdien of man, and that of animals : in which the nyoid 
bone has a regular osseous connexion with the styloid 
process of the temporal. 

OF THE face in GENERAL. 

122. The facial bones form by their union a very 
irregularly shaped six-sided framework. The superior 
surmce or aspect of this framework articulates with the 
base of the cranium ; the inferior forms the roof of the 
mouth ; the anterior and two lateral surfaces constituie, 
when covered with the flesh, the countenance, or face, in 
the ordinary acceptation of the term; the posterior 
articulates, near the middle, with the pterygoid processes 
of the sphenoid, and presents on each side the posterior 
border of the ramus of the lower jaw. In regarding the 
face from above or below, we observe that its transverse 
diameter is greater behind than before : when we view it 
in profile, we see that its vertical diameter is greater 
before than behind ; and when we examine it from behind, 
we observe that its height in the median line (measured 



Thyro-hyoid. \ ^\.iV>^l«^^^ 
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from, the upper border of the vomer above, to the palatine 
arch below] is considemblj less than its height on eucll 
side {measured from the condyle to the angle of the lower 
jaw), Theae aspects of the face are ao irregular that it is 
difficnlt accnratolj to define their bonndaries. The 
Bnperior aspect bein]^ articulated to the craninm Beldom 
comes under our notice ; the others will be succeaaively 
deacribed. The sutures, which are of less practical im- 
portance here than in the cranium, will be described with 
the regiona in which thej occur, 

123. Antebior Reoion. Ertenda rertically from the 
root of tbe nose to the point of the chin, and b bounded 
on each aide by the prominence of the cheek-bone, and by 
the anterior edge of the ramua of the lower jaw. Ite 
greatest transverse diameter ia at the level of tiie cheek- 
bones. Its greateat vertical diameter ia in the median 
line. It presents from above downward— 1st; the nose j 
a vaulted eminence, convex from side to side, more or leas 
concave in the opposite direction, formed by the nasal 
bones, and by the nasal processes of the superior maxil- 
lary bones. In the middle of this eminence ia the m(w- 
naeal eutiire, formed by the junction of the nasal bones ; 
and eitemal to that on each side the amooth external 
Burfaoe of the naaal bone, perforated by some vascular 
apertures, covered in the recent subject by a muscle,* and 
hmitod by the naeo-maciUaty gudtre,— which ia fomked 
between the nasal bone and the nasal process of the 
superior masillary, '^ndlj, Belov? the arch of the nose 
appears the anterior orifice of the nasal foa$m, resembling 
in shape the heart upon playing cards, with the broader 
end downward. Its margin (which is connected with the 
lateral cartilages of the nose) is sharp and thin, formed 
by the nasal bones above, where it presents in the middle 
an angular projection flanked by two deep notches, formed 
by the upper maxillary bones below, where it presents the 
anterior natal epine. Below this appear in succession 
the inter-TtiaxilUxry militre ; the inciter teeth ; the vertical 
ridge, called the eyrriphysis of the chin ; and the mental 

On each aide, and again proceeding from above down- 
ward, this region presents — 1st, the circumfereTtce of th» 
orbit; inferior and external to which is the q^uadrilateral 
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anterior surface of tlie malar bone, perforated near tlie 
centre by one or two malar canals.* Inferior to the orbit, 
and internal to the malar bone, appears tbe canine fossa, 
perforated by the infra^orhitar foram€n,f and marked by 
two mnscular impressions,!}; one above, the other below 
that orifice. Inferior and internal to the canine fossa, and 
separated from it by the canine eminence, is seen the 
m/yrtiform fossa, winch attaches a mnscle.§ Below the 
canine and myrtif orm fosssB appear the alveolar and dentar 
a/rches ; which latter vary in form, but when regular are 
parabolic. The teeth in man are set almost vertically in 
the jaws, and form an uninterrupted series ; in the lower 
animals they are always more or less inclined, and 
separated in certain places by intervals. The free edge 
of the superior dental arch descends slightly from the 
first incisor to the last molar, forming a curve convex 
downward ; the inferior dentar arch presents on each side 
a corresponding concavitj. Below the dental arches on 
each side are observed, tne mental foram^en,\\ the external 
obUque lme,% and the inferior border of the body of the 
lower law, interrupted at its junction with the ramus, by 
a shallow arterial groove.** 

124. Posterior Region. This region is bounded on 
each side by the posterior edge of the ramus of the lower 
jaw; in the median line it extends vertically from the 
upper border of the vomer to the posterior border of the 
hard palate ; on each side it extends vertically, from the 
condyle to the angle of the lower jaw. It presents, in 
the median line, the posterior edge of the vomer, and the 
posterior nasal spine ;tt external to these appear the oval 
orifices of the nasal fosssB ;|| below these again are the 
posterior edges of the horizontal plates of the palate 



* For the transmission of small filaments from the malar branch 
of the ophthalmic ; also of little arteries. 

t For the transmission of a nerve and vessels of the same name. 

t The upper gives origin to the levator labii snperioris; the 
lower to the levator labii superioris alasque nasi 

S Depressor labii superioris alseque nasi. 

K Transmits the inferior maxillary vessels and nerve. 

j[ Attaches the depressor labii mferioris and depressor angnli 
oris above ; the platisma myoides below. 

•♦ For the facial artery. 

tt Atiaches the azygos uvuls. 

tt Attach at the external and VnieiioT ^gMN. ol ^Qbca ^&sss«isi«issos^ 
the superior constn'otora oi the ^"buxyiix. 
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boQee,* and the taberositiea oF the palate bcme^ (tBs 
latter appearing, one on each aide, between the plates of 
the pterygoid process). Beyond these on each eide is an 
empty apace, nUed in the recent Buhject by muHcles,! and 
bounded externally by the posterior border of the ramaa 
of the lower jaw, which expands above into the condyle, 
and benda a little outward below, where it joins the lower 
border to form the angle of the jaw. 

125. Isi^Eaioa Reoion. Thia region forms the cavity 
ei the moatli, and is sometimes cTasaed with the naaal 
and orbitar cavities, under the name of the arid foe»a. 
It ia divided into a enperior horizontal portion, called 
the 'palatine vaalt; and an inferior vertical portion, 
formed by the inner surface of the teeth, and ot the 
lower jaw. PiLiTiNE Vault, Presenta, in the median 
line, from behiad forward ; 1st, the lower surface of the 
fosterior nasal spine ; 2ndly, the antnre of the palate and 
maxillary bonea, elevated into a ridge, sometimea called 
the palatine creet, and presentit^; in front the lower orifice 
of the anterior palaUne canal.^ On each aide of this 
longitudinal suture is seen, from behind forward, Ist, the 
lower surface of the tuberosity of the palate bone, per- 
forated by two or three accee$ory pneterior palatme 
eawile iW 'Jndly, the lower aurface of the palatine plaie 
of the palate-hone, presenting posteriorly a httle trane- 
verae ridge for the attechment of a muscle, eiternally 
the lower orifice of the poaterior palatine eanal; and, 
leading forward and inward from this hole & groove, 
which lodgea the nerves and vessels that paas through the 
canaL 3rdJy, the tra/asvorse palale-inaxillary suture.^ 
ithlv, the concave, uneven auriace of the palatine plate 
of the upper maxillary, which ia traversed by the con- 
tinuation of the groove above meotioned, and perforated 
by many nutrient foramina. Some of these, situated 

* AttBotiea tbe velam pendulam paJ»ti. 

t . That part ot the tuberosity, wbicli appenrs in the pterygoid fossa, 
attaches a few fibree of tbe iuteruaJ pterygoid muBcle. 

I iDtercnl aad eiierDal pterygoid. 

; LoLJgea Ibe aaso-paliitiQe ^an^lion. 

I TfwiHiuit small palatine arteries and nerves. 

^ This Buturo, which ia foiiued Ujtwoen the palatine pTatea of 
tiie palate and upper roaxillary bones, U fMed trartintene, (o dis. 
tingnish it irom the vtrtlatt palato-maxillary suture; which is 
fomu'd between tbe naaal plat-e of the palate bone and tbe itiQer 
Murface ol tbe upper maiillary. 
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near the alveolar margin, for the transmission of nerves 
and vessels to the incisor teeth, constantly seen in yonng 
subjects, and sometimes pervious even in the admt, are 
called the mcmve /orawtwa. Vertical Portion. Formed 
entirely by the inner surfaces of the dental and alveolar 
arches, and of the lower jaw-bone, which have already 
been sufficiently described. 

126. Lateral or Zygomatic Eegions. Bounded in 
front by the ridge that descends from the malar process 
of the upper maxillary ; behind, by the posterior border 
of the ramus of the jaw ; above, by the zygomatic arch ; 
below, by the inferior border of the ramus of the lower 
jaw. This region presents two planes; an external^ 
formed by the ramus of the lower maxillary bone 
already described; (110) an internal, formed chiefly by 
the zygomatic surface of the upper maxillary bone, and 
contributing to the zygomatic, and spheno-maxillary 
fossae ; which will be described in the next section. 

OP certain parts pormed bt the union op the 

CRANIUM AND PACE. 

127. Besides the parts already described as proper to 
the cranium, or to tne face, there are several fosssB and 
sutures, ref errible to neither of these divisions of the skull 
in particular, but resulting from the union of both. These 
we proceed in this section to describe. 

128. Cranio-pacul Fossae. Of these there are five 
pairs ; the orbita/r, the nO'Sal, the zygomatic, the sjph&iiO' 
maxilla/ryf and the temporal, 

OP tee orbitar poss^. 

129. These are two pyramidal cavities, situated in 
the upper and anterior part of the skull, and having 
their oase directed forward and outward, and their 
apex backward and inward.* They present for exami- 
nation four walls, four retiring angles, formed by the 
junction of the walls, a circiimference or base, and an 
apex. 

130. Walls. Upper, or VcmU, Directed downward 



• This divergence of the axis of the orblta x««vs\\» «^^&!k?c^ V«s«w 
the oblique position of their o\i\at ^«3\*\ VSaa yd»sx -«^»^^ X^fcxa** 
parallel to each other, and to the tnibdittSi ^Xnsi^. 
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and 3 little forward ;• formed chiefly by the c 
orbitar plate of the frontal bone, behind, for a email ex- 
tent, by the lesser wiag of the sphenoid. It presents 
behind forward, first, the transTcrae suture formed by 
tbe^anction of the leaser wing of the sphenoid with the 
orbitar plate of the frontal. Secondly, quite in front 
and juat behind the external angnlar process, the lachry- 
maljossa, which lodges a gland of the same name ; and 
thirm.y, behind the internal angTilar process, a little 
tnbercle, or depression, for the insertion of a tendinous 
pnlley.f 

Lower or Floor. Nearly flat, much less extensive than 
the vault, directed npward, outward, and forward. 
Formed chiefly by the orbitar plate of the upper maxil- 
lary ; assisted, in front, by the orbitar process of the 
malar bone, and behind by the orbitar process of the 
palate bone. It presents the two sutures formed by the 
junction of these three portions i and near its middle, 
the tTvfra-OTbitm- groove,X wtich mns from behind, forwaid 
and downward, presently changing into the infra-orhitwr 
eamai. This sarface at its anterior and internal part gives 
attachment to a muscle. § 

Outer. Nearly flat, directed inward, forward, and a, 
little upward. Formed by the orbitar plate of the sphe- 
noid benind, by the upper part of the orbitar process of 
the malar bone in front. Presents the vertical denticu- 
lated suture of these two portions, and in front of the 
suture the inner orifices of the malar cawils.\\ It also 
presents one or two eittemal orbitar foramina. 

Inner. This surface is the smallest of the four. It is 
directed outward, forward, and a little upward. It is 
formed chiefly by the orbitar plate of the ethmoid ; 
assisted by the lachrymal in front, and by a small portion 
of the sphenoid behind (viz., that portion of the side of 
the body of the sphenoid which appears in front of the 

• The Btndent is reminded that the direelion or atpeet of a. BorfttOe 
iB iadii:atoil by a Une drawn, parpendlcolar to itfi centro. See 
Introduavra. (7) 

t Tbniiigh wbich the tendon ot the anperior oUiiioe muscle 
turns. 

t TraaHmite the infra-orbilar uerrs and vesaela. 

I Tranamit small nerves andvesBela; one of them givea pas- 
eage to b lintnph of the malar nerve sent forward from tha orbit to 
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Sphenoidal fissure). It presents tlie two vertical sntnres 
formed by the jnnction oi these bones ; the vertical crest 
of the lachrymal bone, and in front of that the lachrymal 
groove ; which, however, being completed in front by the 
nasal process of the npper maxillary, is usually referred 
to the circumference of the orbit. 

131. Angles. Sv/perior and external. This angle is 
formed by the meeting of the upper and outer walls ; and 
presents, from behind forward; 1st, the sphenoidal 
fissure, or foramen lacervm antei^s ;* 2ndly, the junc- 
tion of the orbitar plate of the sphenoid with the orbitar 
plate of the frontal bone (being part of the sphenoidal 
suture); and 3rdly, the articulation of the maJar bone 
with the frontal, just behind the external angular process. 
Superior and internal. This angle is formed by the 
meeting of the upper and inner walls, and presents the 
ethmoidal suture, perforated by the am>teriorf and pos- 
teriorX internal orbitar holes ; and in front of that the 
little suture between the frontal and lachrymal bones. 
Inferior and internal. This is formed by the meeting of 
the inner wall and the floor, and it presents the sutures 
between the palate bone and ethmoid, upper maxillary 
and ethmoid, ^pper maxillary and lachrymal. Inferior 
and external, Tnis angle, formed by the junction of the 
outer wall and floor, presents posteriorly the spheno- 
maxillary, or infra-orbitar fissure ; a cleft, bounded ex- 
ternally by the orbitar plate of the sphenoid, internally 
by the orbitar plates of the upper maxillary and palate 
bones; and generally (but not always (85) completed 
in front by the orbitiar plate of the malar. This fis- 
sure is wider at its extremities than in the middle, and 
gives passage to nerves§ and vessels. || (The relative 
position of the two fissures of the orbit may easily be 
remembered by bearing in mind, that the outer wall at 
its posterior part is bounded by a fissure above and below.) 



* Transmits the drd, 4th, and 6th nerves, the ophthalmic branch 
of the 5th, and a small vein. 

t Transmits the internal nasal twig of the ophthalmic nerve. 

X Transmits a small vessel. 

§ The ascending branches of the spheno-palatine ganglion, and 
the posterior dental branches (three or four in number) of the infra- 
orbitar nerve (the infra-orbitar nerve itself runs across it^ but doe.% 
not pass through it). . 

II The infra-orbitar branch oi tti© mXAxnaX xQB.xs5^«n «5NKn>"'^'=^®^ 
its accompanying vein. 
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132. GutcuuFERENCB OF Base. Of A q^QEidrUateral 
fignre, with carved sides and ronnded angles ; somewhat 
larger externally than internally; formed above by the 
Bopra-orbitaT arch ; on the outside by the external angu- 
lar procesa of the frontal, and part of the orbitar bolder 
of the malar ; within, by the internal angular process of 
the frontal, and the nasal proceBa of the upper maxillary j 
beloiD, by the autjirior border of the orbitar plate of the 
malar, and the corresponding border of the orbitar plate 
of the upper maxillary. The circuraferenee thus formed 
is interrupted above by the Bupra-orbitar notch* (or 
holef ), and is traversed by three sutures ; the frtmio- 
malar externally ; the fronlo-maadllaTy internally, the 
tnalo-maxiUaru below. The inner border contributes to 
the laehrymal groove, which ia traversed vertically by 
the suture between the lachrymal bone and the nasal 
proCBSB of the upper maxillary, perforated with nume- 
rons little foramina leading into the noae, and continuous 
below with the naso-lachrymal canal, which, opens in 
the inferior meatus of the nose. The groove lodges a 
small SBicX whoee duct is transmitted by Uie canal. 

133. Apes. Is represented by the optic foramen; a 
short round can^, situated quite at the back of the orbit, 
between the two roots of the lesser wing of the ephenoid. 
The direction of the two optic foramina is sucb that 
their axes, if prolonged backward, would intersect each 
other in the sella turcica. The slip of bone which 
separates the optic foramen from the spheiioidal fissure 
presents a httie tubercle tor the attactuneut of a ten- 
&oa.§ 

The bones that enter into the composition of the orbit 
are, the frontal, sphenoid, ethmoid, upper maxillary, 
malar, lachrymal, and palate bones. 

OF IKK NAS&I. JOSSM. 

134. These are two oblong eaTities, separated from each 
other by a thin vertical septum ; situated between, tha 

• For the trftoamiBsioti of the frontol nervo bd-I yosbbIs. 

t Of Ihirty-digbt mala afcnllB, iu Aleiandni's collaetioo, twratj- 
two bod BUpmciliary notches, eight BUpntriliary lio/ei, eight ■ htje 
on one aidn itxid h natch on the othor. 

X Lochryaial, 

§ A tendun common to the intonial, extemsl, and iutarior recti 
musetes oS Che vye. 
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base of tlie craninm and tlie roof of the moutli ; flanked 
on each side by the cavities of the orbit and the antrum ; 
and open before and behind. They open on each side 
into the antrum and the ethmoidal cells ; behind, into 
the sinuses of the sphenoid bone ; before, into those of 
the frontal. They communicate, by the naso-lachrymal 
canal, with the cavity of the orbit ; by the anterior pala- 
tine canal, with that of the mouth ; by the olfactory 
foramina, with that of the cranium ; and sometimes, bj 
a hole in the septum, with one another. Their shape is 
irregular ; the roof or vault being long, narrow, and con- 
cave from before backward; while the floor is shorter, 
wider, and concave from side to side. The outer wall is 
uneven, and presents several appendages ; and even the 
inner wall or septum, though vertical when regular, is 
often deflected considerably to one side, so as to render 
the two fossae very dissimilar in size and shape. The an- 
terior and posterior orifices of these fossae having be^ 
already described (123, 124), the four walls only remain 
for examination, 

135. Walls. Upper or vatdt Formed in the middle 
by the cribriform plate of the ethmoid bone, which is 
horizontal; in front, by the nasal bones, which slope 
downward and forward ; behind, by the under surface of 
the body of the sphenoid, which slopes downward and 
backward. Thus the vault has three aspects ; it looks 
directhi downward in the middle, downward and hack- 
ward m front, downward and fonvard behind. The 
middle or ethmoidal portion is very narrow and cribri- 
form ; it is bounded in front by the suture between the 
ethmoid and frontal ; hehvnd, bv the suture between the 
ethmoid and sphenoid ; intematly, by the vertical plate ; 
extemalVy, by the lateral mass of the ethmoid ; it pre- 
sents nothing of note but the olfactory foramina. The 
cmterior portion is wider, and bounded externally by the 
suture between the nasal bone and the nasal process of 
the upper maxillary ; vnternally, by the nasal crest of the 
nasal bone, and tne nasal spine of the frontal. It pre- 
sents a longitudinal furrow for a nerve,* and several 
small vascular apertures ; it is surmounted by the trans- 
verse suture between the nasal and frontal bones. The- 
posterior portion is the widest of the three ; it is formed 
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in /nm( by Uie Bptenoidal turbinated bone ; hehind, by 
the under surface of the body of the aphenoid, and of 
the wing of the vomer; it ia concave from aide to aide, 
but somewhat convex from behind forward ; it presents 
the rounded narrow orifice of the sphenoidal ainnaes, the 
entnre between the vomer and aphenoid, and the sphe- 
noidal turbinated bones. Lower or floor. Pormed in 
front by the palatine plate of the upper maiillary; 
behind, by that of the palate bone ; level from before 
backward, concave from aide to side, wider behind than 
before, wideat of all in the middle ; longer internally 
than externally, on accoant of tbe prominence of the an- 
terior and posterior naaal spines. It presents Memally 
the crest which articulates with the vomer ; in front, one 
of the two Tipper orificea of tbe anterior palatine canal; 
and hehind, the bevelled transverse auture between the 
maxillary and palate bones. Inner or sepium. Formed 
by the vomer behind; by tbe perpendicular plat« of the 
ethmoid* in tbe middle; by the nasal spine and creat of 
the nasal bones in front; by the creat of tbe npper 
maaillary and palate bones helme ; it is traversed by the 
antures between these several bones and marked with 
nnmerons vascular and nervous furrows ; it presents in 
front a triangular deficiency filled by one of tbe carti- 
ia^eaf of the nose ; andatitsMpperpart, theobliquelower 
orifices of several olfactory canalsX Outer. This waJl is 
formed in front by the naaal proceas of the upper maxil- 
lary, and by the lachrymal bone; hehind, by the vertical 
plate of the palate bono ; i/rdennediaieiy by tbe inner 
surface of the upper maxillary, and by the inner surface 
of the lateral mass of the ethmoid It is dividsd by 
three horizontal plates of bone wb b bang fr m into 
three channels, called the inferior, die and erior 
■meahte of the nose. Inferior i Ah ntal 

channel, broader in front than bebi pa h end 

and below; formed ejctemally b h mas and 



• The perpondicnlar piftfo of thfi elhm 
mnoh. I Dftve seen a skull in wbich it e 
of an inch beyond the nasal bones, art 
nholG length of the vomer, and entered be 
lormcd between the ujiper nmiillary bone 

t The iriangoliu' caitilage. 

j Whiah open above in the cribriform plat( 
aentB of tbe oUmtoty nerves. 
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• 

palate bones ; intemaUy and above, bv tbe inferior tur- 
binated bone. It presents in front tne lower orifice of 
the nasO'lachrymal canal.* This canal is formed chiefly 
by the upper maxillary bone, but is completed internally 
hj the lachrymal bone, and by the lachrymal process of 
the inferior turbinated bone. It is nearly round, but 
slightly compressed from side to side ; it is narrower in 
the middle than at its extremities ; and it curves outwards 
a little as it ascends to join the lachrymal ^oove.f 
Middle meatus, A horizontal channel, broader in front 
than behind, and open at each end and below : formed 
above and internally, by the middle turbinated bone (a 
curved spongy plate of the ethmoid, that has been already 
described) ; bounded below by the inferior turbinated 
bone ; and presenting extemaUy, from before backward, 
the following objects : — 1st, part of the inner eurface of 
the nasal process of the upper maxillary; 2ndly, part 
of the inner surface of the anterior division of the lachry- 
mal bone, the little holes by which it is perforated, and 
the sutures which it forms with the upper maxillary in 
front, and with the ethmoid between ; 3rdly, behind the 
lachrymal, part of the inner wall of the ethmoid cells 
above, part of the inner wall of the maxillary sinus helow, 
and intermediately the horizontal ethmoido-maxillary 
suture ; 4thly, behind the maxillary bone, part of the in- 
ner surface of the nasal plate of the palate bone. This 
meatus presents two apertures ; 1st, near its anterior ex- 
tremity the lower orifice of the long funnel-shaped eth- 
moid cell, called the infundihuhim, by which it communi- 
cates with the other anterior ethmoid ceUs, and through 
them with the frontal sinuses; 2ndly, at the middle of 
its outer wall, the entram>ce of the antrum, contracted by 
the ethmoid above, the palate bone behind, and the in- 
ferior turbinated bone below. This meatus is of much 
less extent than the inferior ; it occupies little more than 
the middle two-fourths of the outer wall. 'Superior 
meatus. A horizontal channel occupying the posterior 
third of the outer wall, much shorter, and altogether 
smaller, than the others, open behind and below, and 
closed in front by the posterior wall of the anterior eth- 
moid cells. Its i/n/ner wall is formed by the upper turbinated 
bone (a little curved spongy plate of the ethmoid, which 



• Transmits the nasal duot. \ "LcA^ba Vitf^^sw2«s^5to^^*^ 



90 TEMPORAL FOSSJl. 

has been before described) ; ite outer wall is fonned, 
behind by part of the inner anrface of the netft of the 
orbitur proceBS of the palate bone, in front by the inner 
surface of the lateral mass of the ethmoid j it ia buuoded 
aboBe bj the floor of the posterior ethmoid cells. This 
meattis presents two apertures ; the gph^no-palatme fora- 
men* at the posterior extremity oi its outer wall; tha 
entrance of the poetfrrior ethmoid eella at the anterior ex- 
tremity 01 its upper wall. Above and ia front of this 
anperior metitns, the onter wall of the nasal fosHa is 
formed by the rough inner surface of the lateral mass of 
the ethmoid, which presents the obUque aperture of seve- 
ral olfactory canals. 

136. The naaal fossse are formed by the vomer, sphe- 
roid, ethmoid, upper maiillary, palate, frontal, nasal, 
lachrymal, sphenoidal turbinated, and inferior turbinated, 
bonee. 

or THE TEMPORAL Fossa!. 

137. That part of each temporal fossa which belongs 
t« the cranium has been already described (68). When 
the akull ia entire this foaaa is completed at its lower and 
estemal part by the eyijoinatic arch, a horizontal bony 
projection, fonned by the temporal and malar bones. 
Tlds arch, which is wider in front than behind, conves 
externally, concave intern aUy, and traversed by the 
obliqoe suture between the posterior aiu/le of the mala/r 
and the zygomatic proceee A the temporal, enoloBes an 
empty space, filled up in the recent snwect by a muacle.t 
The temporal fossa is completed as its lower and ajiterior 
part by the upper portion of the malar bone, and i» 
separated to a certain ertent from the zygomatic fosga by 
a ridge which runs from the anterior root of the zygoma 
transTprsely across the temporal and greater wing oi the 
sphenoid. In front of this ridge the two fossa seem to 
run into each other, and cannot be very aocarately 
defined; a diffionltf, however, which is of no practical 
importaaoe. 

The temporal fossa ia formed by the temporal, parietal, 
frontal, sphenoid, and malar bones. It ia occupied by a 
large ninscle.t to which it also gives origin. 

• Correnpooda to Meckpl's ganglion, and transmits tha Bpheno- 
f Temporal. 
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OP THE ZYGOMATIC POSSiB. 

138. Two irregularly sHaped spaces, situated one on 
each side of the head, and bounded, hehmd, by the 
posterior border of the pterygoid process of the sphenoid ; 
m. front, by the ridge which descends from the malar pro- 
cess of the upper maxillary ; helow, by the aveolar border 
of the upper maxillary ; and above, bv the horizontal 
ridge described in the last section. The space thus cir- 
cumscribed will be observed to consist of two portions ; 
an anterior and larger, formed by the zygomatic surface 
of the upper maxillary bone ; a posterior, formed above 
by part of the greater wing of the sphenoid, below by 
the pterygoid process, and by a narrow slip of the vertical 
plate of the palate bone wnich intervenes between the 
pterygoid process, and the upper maxillary bone. (89) 
The anterior portion is convex, and presents, near the 
middle, the upper orifices (two or three in number) of the 
posterior denta/r canals. The posterior portion is concave, 
and gives attachment to a muscle.* (The spine of the 
SDhenoid very often stretches forward and joins the outer 
plate of the pterygoid process, forming with it a large 
foramen. This is a mere accidental hole of no impor- 
tance, and never mentioned by anatomists ; nor should I 
notice it here, but that it is apt to perplex an inexperienced 
eye.) These two portions of the zygomatic fossa are 
separated by the pterygo-maxillary fissure, a triangular 
interval formed bj the divergence of the maxillary bone 
from the pterygoid process. It opens a commumcation 
between the zygomatic and sphene-maxillary fossae, unites 
at a right angle with the spheno-maxillary fissure, and 
transmits vessels.f 

OP THE SPHENO-MAXULAJELT POSSiS. 

139. These are two small triangular fossae, situated one 
on each side, beneath the apex of the orbit. Its base or 
tipper wall, is formed by a small part of the under surface of 
tne body of the sphenoid ; its posterior wall is formed by 
the anterior aspect of the pterygoid process ; its amterior 
wall by the posterior surface of the upper maxillary ; its 
vrmer wall by the vertical plate of the palate bone. Its 
outer wall is deficient, being substituted by the pterygo- 



Extemal pterygoid. \ \ii\«rDalTSMKsaas^' 
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maxillary fiasure just described; ita apex ia formed by the 
approxiinatioii of the pterygoid procosa to the maxillarT 
tuberosity. The sphenovM, Bpheno-mmeUhfry,* and 
pterypo-inaatiUary fiHSurea terminate in this foasa ; here 
seeming to run into each other Uke the fissures in & 
starred pane of glass. In its posterior wall there are 
three onfioea ; let, the anterior orifice of the foramen 
roturtAum. ;t 2ndly, inferior and internal to that, the 
anterior orifice of the vidiart carnal ;X Srdlj, internal and 
a little inferior to that, the anterior orifice of the pterygo- 
pc^tine catial.§ In its internal nail is seen the spheno- 
palatine /orajiieii,[| by which it communicates with the 
naeal f osbbs, while its lower eitremity or apex is perforated 
Ijy the superior orifice of the posterior palatine canoZ*f (as 
vnll be seen by passing a bristle ap from below). Besides 
these larger openings this fossa presents, near ita apei, 
the aoperior orifices of two or three little accessory 
posterior paiafine canals** (which have aheady been de- 
scribed as opening below on the tuberosity of the palate 
bone.) (89) 

140. This fosaa, then, is formed by the sphenoid, upper 
mamillary, and palate bones ; communicates with the 
orbitar, nasal, and zygomatic fosses, and with the cavity ai 
the cranium; presents five apertures, and is the meeting- 
point of three large fissurea. The relative positiou of 
these openings, and the boundaries of the cavity itself, 
should be carefully studied ; being essential to an accurate 
acquaintance with the diatribution of several important 
vessels and nerves contained in this foasa. 



141. These are not very nnmerons ; nor have they 
received ijarticnlar deaignatious. Like the other sutures 
they are best distinguished by names, compounded of 



D Ihe orbit into the 



1 TranamitB e. nerve and vesaeU of the Bama us 

I CorrsKponda to the gsnglioa of Meckel, n 
ibi!i]0.palAtme vusot^la and u^irve. 
^ TrsHBmitB vessels and a. nerve of the Eame □ 
•■ Tnasmil bduII vessels and nerves of thii siu 



FORM AND STRUCTURE OF THE FACE. d9 

those of the bones between which they are respectively 
formed. 

In the centre appears a horizontal suture formed by the 
junction of the nasal bones, and the nasal processes of 
the upper maxillary bones, on the one hand, with the 
nasal notch of the frontal on the other. This suture 
surmounts the nose, and is continuous on each side with 
a very short horizontal suture formed between the la- 
chrymal and the internal angular process of the frontal. 
This last is continuous with the vertical suture between 
the lachrymal and ethmoid ; and this again meets at right 
angles the horizontal suture between the ethmoid and 
upper maxillary. These three last-mentioned sutures are 
within the orbit, and to its inner side. At its outer side 
is observed the meeting of the malar bone with the frontal 
above, and the sphenoid below. Still more externally 
appears the oblique bevelled suture, formed between the 
posterior inferior angle of the malar, and the zygomatic 
process of the temporal bone. Quite at the back of the 
face there is a vertical suture formed bv the junction of 
the pterygoid process of the sphenoid with the nasal 
plate of the palate bone.' Two articulations within the 
nasal fossae, one a schindylesis (see Table, § 9) between 
the vomer and sphenoid, the other an apposita between the 
ethmoid and the ethmoidal process of the inferior turbi- 
nated bone, make up the list of sutures formed by the 
junction of cranial with facial bones. 

K)BM AND 8TBUCTTJB.B OP THE PACE. 

The face, Hke the cranium, presents considerable 
varieties of form and relative size, at different periods 
of life, and in different races of mankind. In the foetus, 
the alveolar arches, still containing the germs of the 
teeth, are lar^e and prominent ; the non-development of 
the antrum oontracts, in every direction, the middle region 
of the face : and tiie great size of the forehead and orbits, 
already advancing towards maturity, gives a dispropor- 
tionate expansion to its upper part. In the adult, its 
middle region gains in every dimension by the develop- 
ment of the maxillary sinuses, while the growth of tne 
teeth increases its vertical extent, and renders the angle 
of the jaw less obtuse. In old age, the fall of the tfto^tfei. 
gives rise to a series of changes, ^€AVt\ic\^\vSsv'<h>L'5««e5&^^^ 
on the features during liie, i«iaL ^kft^^i x^wovj^fc^^^s^^^^ 

u2. 



100 PEOPOETIONS OF THE SKULL. 

deaoripticFii of lie lower jaw. On the national peculiaritiM ' 
of the fac«, we ahall have to tonch hriefly in the general 
review of the Ekoll. Itn structure, and the arrangemeut 
of its parta, furniah a very good illoetration of the 
mechanical principles on which the whole skeleton ia 
firamed. Examined from without, the face presenta, in 
every direotioa, thick, bony arches, well adapted for the 
Teaistauce of mechanical violence ; while its interior ia 
oonstmcted of fragile lamince, and slender procesees, 
extremely irregular in form and dispoBition. The ratio- 
nale of this arrangement scarcely requires explanation. 
Strength would he ohviously superttuoua in parts which 
derive from their position an adequate security ; and their 
attenoation allows additional density and strength to be 
thrown into the surrounding arches, without increasing 
the mean weight of the whole structure. It is never 
indeed for its ahaolute strength that we admire the archi- 
tecture of the " house in which we live." A hlacksmith 
might forge a stronj^er skeleton. Bnt there would be 
nothing admirable m its ponderous mechanism and 
redundant strength. The characteristics which distinguish 
the workmanship of Natm-o, and excite a discriminative 
and jndioious admiration, are found in the rigid economy 
oonepicnouB in every part— the diversified apphcation of 
each single contriTance — ^the effective employment of 
apparently insignificant advantaees — the accurate adjust- 
ment of the capabihtiea of each organ to the special 
function which it is deaigned to perform, and the parti- 
onlar strain which it has to support — the elasticity of o 
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143. As the cranium containa the oroans of inteDect, 
and the face tbe apparatus of sense, tae relative size of 
these two diviaiona of the akull serves to indicate the 
relative development of the mental and physical f acultieB, 
in difierent clasaes of animals, and different individuala of 
a class. This circumstance givea great interest to 
the comparative mensuration of the skull: and sinoe 
Danbenton opened tbe subject,* in 1764>, it has been 



* 



• Loog before Dnubantoii wrota, Albert DUror gave eitremely 
^botitruB admeuBuiements of the head, \a almost ovury posaibH 
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minntely studied by several eminent anatomists. I pro- 
pose in this section to edve a slight sketch of the different 
methods which have been adopted for determining the 
relative proportions of the sknll, subjoining a short 
account of its peculiar character in the three great 
famines of mankind, and concluding with a few observa- 
tions on its development, structure, and use. 

Direct Measubement. This, the most obvious method 
of ascertaining the proportions of the skull, has been 
employed by several anatomists. The table on the follow- 
ing ^age exhibits the dimensions of the cranium according 
to Bichat and Bourgery, together with the average size of 
three well-proportioned, moderately-developed European 
skulls, measured by me. 

Daubenton's Occipital Angle, This angle is designed 
to show the position and inclination of the occipital 
foramen. A Ime is drawn from the posterior extremity 
of the margin of the occipital foramen to the lower border 
of the orbit ; and another from the posterior extremity of 
the margin of the occipital foramen, over the convexity of 
the occipital condyle. The angle formed by these lines 
will obviously increase as the foramen magnum is placed 
further back, and deviates more and more from the 
horizontal position. It is stated by Daubenton to be 
3 deg. in man, 34 de^. in the orang-otang, and somewhat 
more than 90 deg. in those quadrupeds which in this 
respect present the greatest contrast to the human species. 
In the most perfect form of the human skull the ptoune of 
the occipital foramen is horizontal ; and its position is 
such that a line drawn tranversely across the base of the 
cranium, half-way between the occipital tuberosity and 
the upp^r inciBors, passes through the anterior exti^miiy 
of the foramen magnum.* 



view. He also invented a facial, a nasal, and a maxillary line 
(described in his great work "De Symmetric Partium in Rectis 
Formis Humanorum Oori)orum," published in 1558). But he studied 
the subject merely as a painter ; its physiological bearings'were first 
considered by Daubenton, as stated in the text. I mention this 
particularly, oecause Cruveilhier, and others, appear to attribute to 
Giunper the merit of originating this inquiry. 

• The purpose of Daubenton's angle has been frequently mis- 
understood. Cruveilhier says, " L'angle facial ne foumissant au- 
cune donn^ sur la capacite des regions post^rieures du ^ 
Daubenton a eu sp^cialement en vue cet objet dans la mesr 
porte le nom d'angle occipital de Daubenton ; mais cette 
oomme toutes les mesures ImeaiieB app^(\\]L<^^'^'N& ^Njkxi 
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deaoription of the lower jaw. On the national peculiarities 
of the face, we ehall haye to touch brieBy in the general 
revieiT of the skulL Ita structnre, and the arrangement 
of ita parts, furnish a, very eood illustration of the 
mechanical principles on which the whole skeleton is 
framed. Examined from without, the face preaenta, in 
every dirBction, thick, hony arches, well adapted for the 
teaistasce of mechanical violence ; while ita interior is 
conatruoted of fragile laminie, and alender procesBea, 
extremely irregular in form and dispotiition. The ratio- 
nale of this arrangement scarcely requires explanation. 
Strength would be otvionalj superfluous in parts which 
derive from their position an adeqnate security ; and their 
attenuation allows additional density and strength to he 
thrown into the aurrounding arches, without increasing 
the mean weight of the whole structure. It is never 
indeed, for its al/sululii strength that we admire the archi- 
tecture of the " house in which we liie." A hlachsmith 
might forge a stronger skeleton. But there would be 
nothing admirable in its ponderous mechanism and 
rednndant strength. The characteristics which distingnish 
the workmanship of Nature, and excite a diacriminative 
and judicious admiration, are found in the rigid economy 
conspionoua in every partr— the diversified application of 
each single contrivance — the efiective employment of 
apparently inaignificant advantages — the accurate adjast- 
ment of the capabihties of each organ to the apecial 
function which it is designed to perform, and the parti- 
oular strain which it has to support — the elasticity of one, 
the rigidity of another, the tenuity ot a third, the density 
of a fourth ; and the wonderful combination of lightneae 
and dorabihty which results to the fabric, considiircd as a 

PEOPOETIOSS OP THE SKTTLL. 

143. As the cranium contains the organs of intellect, 
and the face the apparatus of sense, the relative size of 
these two divisions of the skull serves to indicate the 
relative development of the mental and physical faculties, 
in ilifTcrent classes of animals, and different individuals of 
a claas. This circumstance gives great interest to 
the comparative mensuration of the skull: and since 
Daubenton opened the subject,* in 1764, it has been 
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minntely stndied by several eminent anatomists. I pro- 
pose in this section to pve a slight sketch of the different 
methods which have been adopted for determining the 
relative proportions of the stnll, subjoining a short 
acconnt of its peculiar character in the three great 
families of mankind, and concluding with a few observa- 
tions on its development, structure, and use. 

Direct Measurement. This, the most obvious method 
of ascertaining the proportions of the skull, has been 
employed by several anatomists. The table on the follow- 
ing page exhibits the dimensions of the cranium according 
to Bichat and Bourgery, together with the average size oi 
three well-proportioned, moderately-developed European 
skulls, measured by me. 

Daubenton's Occipital Angle, This angle is des^ned 
to show the position and mclination of the occipital 
foramen. A Ime is drawn from the posterior extremity 
of the margin of the occipital foramen to the lower border 
of the orbit ; and another from the posterior extremity of 
the margin of the occipital foramen, over the convexity of 
the occipital condyle. The angle formed by these Imes 
will obviously increase as the foramen magnum is placed 
further back, and deviates more and more from the 
horizontal position. It is stated by Daubenton to be 
3 deg. in man, 34 de^. in the orang-otang, and somewhat 
more than 90 deg. m those quadrupeds which in this 
respect present the greatest contrast to the human species. 
In the most perfect form of the human skuU the plome of 
the occipital foramen is horizontal ; and its position is 
such that a line drawn tranversely across the base of the 
cranium, half-way between the occipital tuberosity and 
the upper incisors, passes through the anterior extremity 
of the foramen magnum.* 



yiew. He also invexiied a facial, a nasal, and a maxillary line 
(described in his great work "De Symmetric Partium in Kectis 
Formis Humanorum Cori)ormn," published in 1558). But he studied 
the subject merely as a painter ; its physiological bearings'were first 
considered by Daubenton, as stated in the text. I mention this 

Sirticularly, oecause Cruyeilhier, and others, appear to attribute to 
amper the merit of originating this inquiry. 
• The purpose of Daubenton's angle has been frequently mis- 
understood. Cruveilhier says, " L'an^le facial ne foumissant au- 
cune donn^ sur la capacite des regions j^ost^rieures du crdne. 
Daubenton a eu sp^cialement en vue cet objet dans la mesure qui 
porta le nom d'angle occipital de Daubenton ; mais cette mesun 
oomme toutes les mesures lineaices app\i(^4^^'^^sk <i^\«ca!^s^3^^ 



100 PEOPOETIONS OF THE SKULL. 

description of the lower Jaw. On the national peculiarities 
of the fac«, we ahall have to tonch hriefly in the general 
review of the skull. Ita structure, and the arrangement 
of its parts, fnrniah a vety good illustration of the 
mechanical principles on which the whole skeleton is 
framed. Examined from without, the face presenta, in 
every direction, thick, hony arches, well adapted for the 
resistance of mechanical violence ; while its interior is 



nale of this arraugenient scarcely requires explanation. 
Strength would be obvionsly superfluous in parts which 
derive from their position an adequate security; and their 
attenuation allows additional density and strength to be 
thrown into the surrounding arches, without increasing 
the mean weight of the whole structure. It is never 
indeed for its aJiBolute strength that, we admire the archi- 
tecture of the " house in which we live." A blacksmith 
might forge a stronj^r skeleton. But there would be 
nothing admirable m its ponderous mechanism and 
redundant strength. The charMteristics which distinguish 
the workmanship of Nature, and excite a discriminative 
and judicious a^iration, are fonnd in the rigid economy 
conspicuous in every part — the diversified application ffiE 
each single contrivance— the effective employment of 
apparently insignificant advantages — the aiicurate adjost- 
ment of the capabilities of eatSi organ to the special 
function which it is designed to peiform, and the parti- 
cular strain which it has to support — the elasticity of one, 
the rigidity of another, the tenuity of a third, the density 
of a fourth ; and the wonderful combination ot lightness 
and durability which results to the fabric, cousidered as a 
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142. As the cranium contains the organs of intellect, 
and the face the apparatus of sense, the relative size of 
these two divisions of the skull serves to indicate the 
relative development of the mental and physical faculties, 
in different classes of animals, and different individuals of 
a claas. This circumstance gives great interest to 
the comparative mensuration of the skull: and since 
Danbenton opened the subject,* in 1764, it has been 
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minntely studied by several eminent anatomists. I pro- 
pose in this section to give a slight sketch of the different 
methods which have been adopted for determining the 
relative proportions of the stnll, subjoining a short 
account of its peculiar character in the three great 
families of mankind, and concluding with a few observa- 
tions on its development, structure, and use. 

Direct Measueement. This, the most obvious method 
of ascertaining the proportions of the skull, has been 
employed by several anatomists. The table on the follow- 
ing ^age exhibits the dimensions of the cranium according 
to Bichat and Bourgery, together with the average size oi 
three well-proportioned, moderately-developed European 
skulls, measured by me. 

Daubenton's Occipital Angle. This angle is designed 
to show the position and mclination of the occipital 
foramen. A Ime is drawn from the posterior extremity 
of the margin- of the occipital foramen to the lower border 
of the orbit ; and another from the posterior extremity of 
the margin of the occipital foramen, over the convexity of 
the occipital condyle. The angle formed by these Imes 
will obviously increase as the foramen magnum is placed 
further back, and deviates more and more from the 
horizontal position. It is stated by Daubenton to be 
3 deg. in man, 34 de^. in the orang-otang, and somewhat 
more than 90 deg. in those quadrupeds which in this 
respect present the greatest contrast to the human species. 
In the most perfect form of the human skull the ptcme of 
the occipital foramen is horizontal ; and its position is 
such that a line drawn tranversely across the base of the 
cranium, half-way between the occipital tuberosity and 
the upp^r incisorB, parses through the anterior ezti^mity 
of the foramen magnum.* 



view. He also invented a facial, a nasal, and a maxillary line 
(described in his great work "De Synmietri& Partium in Kectis 
Formis Humanorum Oori)orum," published in 1553). But he studied 
the subject merely as a painter ; its physiological bearings'were first 
considered by Daubenton, as stated in the text. I mention this 
particularly, oecause Cruveilhier, and others, appear to attribute to 
Clamper the merit of originating this inquiry. 

• The purpose of Daubenton's angle has been frequently mis- 
understood. Oruveilhier says, " L'angle facial ne foumissant «na- 
cune donn^ sur la capacite des r^oix^ ^^\fcc«rQs^^ ^s»^ ^srftess^ 
Daubenton a eu spdcialemeiit eu'vu© c»\. c5t>\b\. ftsw^^'^a- ^"^^^'^^^^Sl 
porte le nom d'angle occipital d» Da\i^»\iX«ti\ ^aak^ "^^-^^^^ 
oomme toutea lea mesureB YuDieaaxeE Bi^^c£ii<te^^^^ ^^^'^ 
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Camper's Famal Angle, To form this angle, a facial 
line is drawn from the most prominent point of the fore- 
head to the most prominent point of the upper jaw. This 
is intersected (accordinjp to Uamper's origmal method) by 
a second hne, drawn n'om the external aperture of the 
meatus auditorins to the base of the anterior opening of 
the nose. Other anatomists have drawn the second line 
from the aperture of the ear to the most promment point 
of the lower jaw, t.e. to the inferior extremity of the 
facial line. (Camper's own figures do not, by any means, 
correspond as to the direction and point of junction of 
the two lines ;* though the whole utility of the angle, as a 
comparative measurement, obviously depends upon uni- 
formity in this respect.) The facial angle is stated to be 
about 70 deg. in the Ethiopian variety of mankind, about 
75 deg. in the Mongolian, and from 80 to 85 deg. in the 
Caucasian division. In the orang-otang it is 30 deg. 
(Owenf), in the mastiff 41 deg., in the horse 23 deg. The 



de la capacity du cr&ne sont n^ssairement inexactes." I have not 
found the design here attributed to Daubenton, either expressed or 
implied in his original paper; and the objection founded on this 
erroneous assumption is, of course, invalid. The real source of 
fallacy in Daubenton*8 angle appears to be, that it depends, in a 
great measure, on the prominence of the occipital condyles, instead 
of simply indicating the position and inclination of the foramen 
magnum. For instance, in the porpoise, the occipital condyles are 
yerv large, but project very little beyond the plane of ^e foramen: 
in the tiger they are much smaller, but extremely prominent ; and 
though, in point of fact, there is a difference of rail 20 degrees in 
the inclination of the occipital foramen in these two animals, yet 
Daubenton's angle is nearly alike in both. Blumenbach and 
Lawrence direct the second line to be drawn in the plane of the 
foramen itself, and this is doubtless a more certain method ; but it 
reduces the angle considerably. However, in all the human skulls 
which I have measured by Daubenton^s original method, I have 
found the angle nearer 10 or 12 deg. than 3 deg. Blumenbach con- 
siders the angles both of Camper and Daul^nton useful for the 
distinction of animals, but insufficient to determine the varieties of 
the human species. The former angle he often found the same in 
skulls of different nations, while the latter as frequently varied in 
skulls of the same nation. 

* See, for example, his first plate, figures 2 and 3, in which the basal 
line passes considerably below the meatus auditorius extemus. 

f Lawrence states it to be 58 deg., other natumlists as high as 
64 deg. These errors have arisen from the examination ot IV^kSb 
skulls of young orang-otangs ; as Mr. 0wctLVi«A^cr9r5v>3Osa»'^»='a«^ 
on the osteology of the dmnpanzeQ tiii^ OTMi%-Q>NKa.%» 2fi^Ai» •It««*- 
YoLL 
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Grecian sculptors increaaed it to a rigM angle (90 deg.) 
in representing sages and heroes ; and when they wished 
to convey aji idea of auper-huinftii intellect, as in tlie 
statues of Apollo and Medusa, they extended it to 
100 deg • 

■ Tho traDScGDdeattil onatomiBts ftttnch greai hapOTtsams to tbs 
ani^le at which the casBl bones join the crauiura. They reprd the 
coco^eal bones, the sacral ana apinal verlebrs, tbe segments of 
the cranium, and the bones and cartiliwes of tho nose, aa farming 
ODS continnons hollow column, dRSigned for the rsception of tbe 
central organs of animal life. Eai;li eitremity of this oolumo is 
mdimentary, tbe coccygeal bones being vestiges chiefly of tht» bodia 
of Tortebrffi, the nasi^ hones and cartilages Iwing vostigns chiefly 
of the lamina of vertebrffl. The tranaoendsut^ists also trace an 
analogy between tbe ribs of the thorax, the lateral walls of tho 
peivis, and the upper maxillary bones (with several othiT ptirtiouA) 
of tbe skull : all thees boaos belonging to a series deatiui^d fur the 
protection of the organs of vegetable life. Each pair of ribs in the 
thorax, and each pair of bones analogous to ribs in the pelvis and 
face, is called a prolo^-ertebra. Each segment of thn coutinuouB 
oolmou formed by the coccygeal bones, the sacra! and spinal vet^ 

noae, is callsd (whether enormously developed, as in the cranium, 

vertelwra. This explanation vrill snflice to render the terms em' 

Eloyed, and the analogies assumed, id the following observations, 
itelligible to the reader : for fuller intormation ha is referred tn 
the traneoendental wrltlngB of Carus. In the lower vertebrated 
■nimalti the deuto-vertebral coliunn is straight, or nearly so, from 
end to end. In the higher orders it is curved, and presents two 

vertebn with tbe cranium, tbe other at the junction of the onuiium 
with the nose. Tbs vflriatiuns of the former of these angles are 
shown by Daubenton's measurement -, and they are found to indi- 
cate correctly the rank of different species in the animal kingdom ; 
the species rising in the scale, as the angle becomes more abrtipt. 
Analogy leads the transeendenlnlists to attach a similar importauoe. 
to the variations of the second angle; and a comparisoa of tha 
heads of different races of men seems to corroborate this opinion. 
To the tniDsoendental philosophers, moreover, tbe relative develop- 
ment of the proto-vertebral and deuCo- vertebral series of bones, has 
an important signification; a superior development of the deuCo- 
vertebral column indicating a predominance ot the organs of animal 
life over those of the merely vegetable functions. For instance, a 

maiillarv bones (or second and third bcial proto-vortf.bne), as 
compared with the lateral and alar cartilages ol the nose (or second 
and third facial dcuto -vertebra), is an improvement in the shape of 
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Bakclat's Basi-facial Angle, — ^Dr. Barclay, observing 
tliat the apertures of the ear and nose differ considerably 
in position in different animals ; and that even in man 
the apertnre of the ear is lower during infancy than in 
the adult; and further observing that these variations 
axe independent of the general proportions of the skull ;* 
retained Camper's facial line, but drew the second or 
hasial line along tibe under surface of the palate, con- 
tinuing it forward to meet the facial line in front of the 
alveolar process. His reasoning, so far as it goes, is just ; 



a right angle with that of the cranium, the direction of the nose 
approaches the vertical, the inter-maxillary bone (or third facial 
proto-vertebra) is rudimentary (some say altogether deficient), and 
the upper jaw (or second facial proto-vertebra) falls back con- 
siderably from the nose, so as to lie almost entirely beneath the 
cranium. In the lamprey these relations are exactly reversed ; the 
spinal, cranial, and nasal axis form a right line : and the last proto- 
vertebra, instead of being rudimentary, is developed into a perfect 
rin^, completely usurping the place of the last deuto-verteora, of 
which not a vestige is to be found. Between these opposite ex- 
tremes there are many intermediate degrees. In the negro head, 
for example, the vertebro-cranial angle is more obtuse than in the 
Greek ; the nasal line slopes considerably forward, and the upper 
jaw projects so far that the lips are thrust out almost to a line with 
the extremity of the nose. In the simiae all these characters are 
exaggerated ; the vertebro-cranial and cranio-nasal angles are still 
more obtuse ; and the upper jaw projects beyond the tip of the 
flattened ill-developed nose. Guided by these principles, I would 
suggest the following as an approximative method of estimating 
the proportions of the skull in d&erent races of men. Carry a line 
(a 6) from the occipital tuberosity to the root of 
the nose (>.e., the centre of the naso-frontal 
suture) : meet this, behind, by a prolongation of 
the axis of the vertebral foramen (d/); in front, 
by the line (a c) representing the profile of the 
nose. The angles d fa and /a c thus formed, 
indicate the sudden bends of the deuto- vertebral 
column in this region. Lastly, draw the facial 
line (a e) from the root of the nose to the promi- 
nence ot the upper iaw, so as to form a third angle {fa c). The 
difference between the angles /a e and fac indicates the relative 
position of the nose and upper jaw. As these three angles d / a, 
fac, and /a e, become less obtuse, and as the difference between 
the second and third increases by the recession of the upper jaw, 
the proportions of thp head improve, and its form approaches ideal 
perfection. 

• This is shown by the fact, that the imysHi. w^j^gkaxa.SJasv^^Tv^s** 
is about 90 deg., and in the dolpban e>\.\\V ^«Bk\i^T — «2a&bs;^^ ^ng »y^vg i % 
that of the Qreek statues ol the gods. 
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and his angle not only more accurate, Irat more easily 
measured t£an Camper's, eapecially with the craniogonio- 
laeter invented by Dr. Leacn, wliicli indicates the epan of 
the angle on a graduated arc. 

Cuvibr's Method. Cuvier dieapproveB of Camper'a 
facial line, becanse it is liable to Tary with the thioknees 
of the walls of the cranium, the prominence of the frontal 
Hinuees,* &o. He therefore makes a vertical section of the 
skull, and measures the areas of the cranium and face. In 
the European skull the area of the crsninm is to that of the 
face as 4 to 1 ; in the n^ro the face is laj^er by one flfth.+ 

TiEDBWiNu's Method. Professor Tiedemann determines 
the capacity of the cranium by ascertaining the weight 
of millet seed it is capable of containing. "Die weight of 
the skull is taken, first while empty, afterwards when 
filled : and the difference represents its capacity in 
ozs. and drs. It is an extremely simple and aoonrat« 
method. The only precaution necessary to render the 
results of different observers comparable, is to ascertain 
the weight of tie millet seed employed ; which I am in- 
formed IB liable to vary as much as two ozs. in a quart.1 
I have already given a specimen of the results fumiBhed 
by this plan (65) ; for further information the student may 
consult Tiedemann's original paper in the " Phil. Trans, 
for 1836. 

Bltjmenbach's iionaaveriicaHa. Owin's norma basialis. 
— These methods consist in ranging the skulls to be com- 
pared in an even line, and then contemplating them, in 
the vertical method from above, in the hasial method from 
below. They are not intended to furnish definite numerical 
results, hut they afford to the practised eye a collective 
view of the most characteristic national peculiarities 
of the cranium and face. Each method has its peculiar 
advantages ; Prichard gives the preference t« Owen's. 
The norma verticahs, adopted by Blumenbach in the 
classification of bis eitensive collection of skulls, de- 
veloped those strong differential characters which led to 



• la ft SoythiBJi skull at King-B Colloge, the prominancB of tho 
boDtal sinnaes adds oeftrl; B deg. to the fiicial [liigla. 

t Bcwmmerin^ luid Bonn found the naeal toiBte nnd the BinUBeS 
con noclftd with it rcniBrksbly Urge in the neRro face, an obserTStioii 
quite in aecorduiM with the well-kaowu acnlenesB of tha sense ot 
siaelJ in (he negro tribes. 
/ O/ the nulIet-BBtd 1 used, 8 quarts waighal eissa-j H&a, 
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the establisliment of tlie three great diyisions of mankind, 
known as the Caucasian or meso-bregmate, the Ethiopian 
or steno-bregmate, and the Mongolian or platy-bregmate 
varieties. I subjoin a short abs^act of the most impor- 
tant of these characters. 

Caucasian, or Meso-hregmate 8hull. This is the most 
perfect form of the sknll ; the standard form from which 
the two others are deviations in opposite directions. The 
meso-bregmate crcmi/wm, is rounded and symmetrical, its 
posterior extremity bears to the anterior the proportion of 
about 3 to 2, and it has a capacity which may oe repre- 
sented (as compared with the other forms) by 40. (Tiede- 
MANN.) The /ace is oval, and in no part strikingly promi- 
nent ; its area, as shown by a vertical section, bears to 
that of the cranium the proportion of 1 to 4. 

Ethiopian, or Steno-hregmate 8hull, This form con- 
veys the idea of lateral compression, and is called by Dr. 
Frichard the prognathous. The craniAim is narrow, and 
elongated from oefore backward; and its capacity is 
equal to 37. The face is also narrow ; its area, as shown 
by a vertical section, is l-5th larger, in proportion to the 
cranium, than that of the Caucasian face; the cheek- 
bones, jaws, and incisor teeth, project considerably /or- 
wa/rdj while the nose is flat. The muscular impressions, 
both of the cranium and face, are deeply marked; the 
temporal fossa is large, and the temporal ndge prominent, 
indicating a considerable development of the muscle that 
moves the jaw; in correspondence with which appear- 
ances the jaw itself is large and strong, and the teetn are 
very perfect and durable. 

Mongolian, or Platy-hregmaie Skull, This form con- 
veys the idea of lateral expansion. The cranium is broad 
and square, and has an average capacity of 39. The /ac6 
is square and flat ; the cheek-bones and zygomatic arches 
project very much laterally; the nasal bones scarcely 
appear beyond the glabella,* which is broad ; the jaws 
are wide, and the £ntal arches but slightly convex in 
front. 

The first of these three forms is exemplified in the 
Europeans ; the second in the Africans ; the third in the 
native tribes of America. Each of these great classes 



• The space between the eyebioi^B'. fWi «iSka^ \«R»»aR» >^» '^ 
destitute oihtdr. 
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is subdivided into aectioiiB preaenting particular modifica- 
tions of the general form ; and these groups are further 
liahle to individual deviations. 

In concluding thia section on the proportions of the 
ekuli, I may perhaps he permitted to describe a modifica- 
tion of Tiedemann s method, bv which I hare obtained 
some interesting results as ta the relative capacity of the 
anterior and posterior segraenta of the cranium in dif- 
ferent races ol men. The siull being held with the taoe 
downward, and the long axis of the cranium in a vertical 
position, millet seed is poured into it until that space 
which hes in front of the anterior extremity of the 
occipital foramen is exactly filled. It is then weighed. 
The difference between the weight thus obtained, and 
that of the empty skull, gives the capacity of the anterior 
segment of the cranium. Again, the difference between 
this weight, and that of the sknll entirely filled with the 
seed, according to Tiedemann' s method, gives the capacity 
of that segment of the cranium which lies behind the 
anterior border of the occipital foramen. The sphenoidal 
fissnres, and the apertures in the base of the cranium, 
should be lightly stopped with tow or cotton during these 
experiments, a precaution which must also be obBorved in 

£ractiBing Tiedemann'a method. The Table on the fol- 
wing page will show the nature of the results furnished 
by this method of research. The skulls marked B. H. 
belong to the museum of Bartholomew's Hospital, those 
marked G. H. to Guy's. The weight used is avoirdupois; 
and the three last columns are reduced into dra. to facili- 
tate comparison. 

An extensive series of theae researches is required to 
neutralize coaual errors, and furnish exact average cou- 
olnsionB : but we may safely infer, in general terms, from 
the few observations m this Table, that in the EBquimaui, 
Chinese, African, and Flat-head Indian, the anterior 
segment of the cranium is less capacious than the 
posterior ; while in the German, Hindoo, and Grecian, 
these proportions are reversed; and further, that even 
when the greater capacity of the entire cranium seems at 
first eight to place the African, or even the Flat-head 
Indian, above the German or Sindoo skull, a comparison 
of the capacity of the anterior segments immediately re- 
establishes the superiority of the latter. (Compare, for 
inetance, the eighth in the Table with the third i or the 
iut with the second.) 
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Developuent. The fcetal ekull is dietingQiehed 
the great relative size of the oraoium, and by vuriona 
mdicatianB of the a.H yet imperfect deTolopmeDt of the 
bones. The centres of oaaification are large and prominent; 
the radiating fibrea can be traced on the anrface ; the 
nutrient foramina are nnmerons. Several parts are still 
Heparate epiphyses — aa the styloid procesa ; others are 
nadeTeloped — as the maatoid process, the ainnsea, and the 
meatns auditorins extemna. The frontal and sphenoid 
are each divided into two pieces, the occipital into four, 
and the temporal into five. The bonea m the vaalt are 
thin, very slightly denticulated at the edgea, and not in 
contact with each other, so that they can yield by a 
matual overlapping to the temporary pressure of parturi- 
tion. The angles of each parietal hone, beingittie lurtliest 
£rom the centres of ossification, remain for aome time iii' 
complete, and leave sis spaces only closed by membrane. 
These are called the /on ioiieiies of the cranium (from an 
old notion that the humours of the brainflowed ont through, 
them). The two largest are placed in the median line, 
one at each end of the sagittal suture ; the anterior of 
these is called the larger, and the posterior the lesser - 
fontanelle. The larger foutanelle has been already men- 
tioned in the description of the parietal bone : it is of a 
lozenge shape, formed, posteriorly, between the two 

Earietal bones, and anteriorlv, between the two lateral 
ftlves of the frontal bone. This fontanelle, which is the 
last to close, finally disappears at about the >^e of four 
years. The remaining four are situated later^j, one at 
each end of each squamous suture. Towards adult age, 
all these deficienoiea are supplied; the face gains in sizq 
by the expansion of the amnses ; and the progresa of 
ossifioation converts many membranous and cartilaginous 

Sorts into bone, obliterates the temporary sutures, Sxea 
le epiphyses, and fills up many of the nutrient holes, 
now no longer necessary. In old age the deposition o( 
calcareous matter obhterates by degrees even the more 
permanent sutures, and ren ders the parietes of the cranium 
dense and brittle ; the teeth are ahed, aud the lower jaw 
undergoes the gradoal changes in shape and position con- 
sequent on their loss (110). 

oTHrcTDRB ANK UsHS. The skull ia designed to contain 

and protect the delicate organization of the brain and its 

dependencies; a pnrpoae for which it is very well adapted 

by BBfeml adpantages of situation and etructure. Thus, 

ii ia placed on the top of an elflStic cataatn, aai Vvftcm. 
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tlie range of two limbs which, on the approach of danger, 
rise instinctivelj for its defence. In shape it is an egg- 
like dome, with walls which are tongh externally, spongy 
in the middle, and extremely dense and hard within ; a 
triple structure, which enables them to deaden much of 
the force of concussion, and to oppose a considerable 
resistance to the residue. The floor of the cranium 
presents four strong wedges, diverging from a common 
centre ; viz., the body of the sphenoid in front, the basilar 
process of the occipital behind, and the petrous process of 
the temporal on each side. The sides of these wedges are 
only connected by the interposition of plates of cartilage ; 
so that they are not rigid, but capable of yielding a 
little to mechanical violence. The roof of the cranium 
consists of broad bones, ajtemately overlapping and over- 
lapped at the borders, so as to afford each other a mutual 
support. They are united above by strong interlocking 
teetn, and prevented from starting outward below by the 
ascending processes of the temporal and sphenoid (which 
latter bone — well called the key hone of the skuU — curves 
its greater wings upward, to bind together the vault of 
the cranium, and its pterygoid processes downward, to 
hold in apposition the two lateral divisions of the face). 
The roof of the cranium is further strengthened by 
tuberosities at all the exposed points, and by two strong 
ribs (analogous to the groinings of architecture), which 
run round it, one in the longitudinal, the other in the 
transverse direction, crossing each other behind at the 
occipital protuberance, and abutting below upon the 
wedges of the floor. These ribs correspond to clefts in 
the cerebral mass, and can therefore transmit considerable 
vibrations without aflecting its substance ; a provision of 
great importance, because concussions, or violent vibra- 
tions of tne brain, are often more fatal than laceration, 
or even partial destruction of its substance. 

With this brief analysis of its structure and mechanism 
we conclude the descriptive anatomy of the skull — the 
most strongly fortified part of the skeleton — ^the very 
citadel, as it were, of life. And in quitting the subject, 
we may take occasion to observe, with what an admirable 
economy Nature has collected around this stronghold the 
delicate organs of the principal senses — ^which are thus 
adequately protected without additional expense, aikd «^ 
the same tin^e, like sentinels at t\i^ ^"B.\fe%<^i^\<3t\x'i'ej^^ 
contribute to the security oi w\n!c\i \JcL<e^ ^^x^^Jsa. 
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OP THE BONlf PABTS OF THE OKGAN 0? HEABZSG. ^" 

143. Under this head we proceed to describe the auditory 
ctamberB of the petrons procesa o! the temporal bone, and 
the oesieula auditae, or little bones of hearing, therein, 
contained. 

The anditory chftmbera of the temporal tone, enn- 
merated from without iaward, are the following : — let 
The external iiieatus ; 2ndly. The tympannim, or middle 
ear, which coataina the ossicula auditAs ; Srdlj. The 
lahyrinth, or internal ear, consisting of three dietinct 
portiona, placed in a line one before the other, viz., the 
veitihule in the middle, the cochlea in front, the eemi- 
circular canals behind ; 4thly. The internal wieat'UB. 



L 



144. This canal leads from the exterior of the aknll, 
into the tympanum. Ita external orifice (which we have 
already described (61) ), haa the aquamona portion of the 
temporal above it, the mastoid process behind, and the 
glenoid cavity in front. From tnia point it mns inward 
and a Uttle forward, forming in its conrse a alight cnrve, 
the convexity of which ia directed upward and backward, 
and terminating in the external orifice of the tympaniun. 
Now this orifice, in the recent subject, ia closed by a 
membrane (memhrana tym'pa/ni) atretched ajiross it ; and 
it ia ao inclined, that a line drawn perpendicular to the 
outer Burfiioe of that membrane, pSssea, not directly out- 
ward, but outward, downward, and forward ; and, as the 
obliquity is at the expense of the upper and poaterior 
walla of the meatna auditorins eitemns, it follows that 
this passage is longer at the lower than at the upper part, 
and also in front than behind. It Is smaller at its inner 
than at ita outer eitremity, and slightly contracted, like 
an honr-glass, in the middle. Its vertical transveree 
section ia of an oval form, with the greatest diameter 
from above downward. The length of its aiis in the 
adult ia about ten lines.* The anterior and inferior 
lortiona of this canal are fonned by a. curved oaaeouH 
imina which presents a rough edge externally, con- 
tributes in front to form the glenoid cavity and vaginal 
process, and blends above and behind with the rest of the 

• A line is one-twelfth of an inch. 
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bone. In tlie foetus tliis lamina is a mere detaclied ring 
of bone, incomplete at tlie npper part ; so that at this 
period the external meatns ib deficient. Its external orifice 
gives attachment to the cartilage of the auricle, or ear, 
commonly so called, and it is lined in the recent state by 
a cartilaginous tube prolonged from the auricle. 

OP THE TTMPAlOrM OE MIDDLE EAB.* 

145. The tympanum is a cavity of irregular form, 
situated just over the jwular fossa, with the carotid canal 
in front, the mastoid cells behind, the meatus extemus to 
its outer side, and the labyrinth or internal ear bounding 
it within. Of its diameters, the antero-posterior, which 
is the most considerable, measures in the adult about five 
lines; the vertical, which is next in length, averages 
about three lines ; and the transverse, which is the 
shortest, measures between two and three lines at the 
upper and back part of the cavity, and between one and 
two lines below and in front This last diameter is 
subject in life to slight variations, from a cause which 
will be presently explained. The tympanum has six 
walls ; an external and an internal^ a posterior and an 
cmterior, a superior and an inferior. The two first of 
these walls are flat, and their limits are indicated by dis- 
tinct angles ; but the four last being curved, run into each 
other, and are only to be distinguished by their relative 
positions. 

Walls. External, Perforated by the oval orifice, across 
which, in the recent subject, the membram>a tympani is 
stretched ; an orifice which is so large, that in the dry 
bone this wall seems almost deficient, only a small por- 
tion appearing above and below the aperture. The edge 
of this orifice is grooved, to receive the membrane. It is 
identical with that which has already been mentioned as 
formiug the inner extremity of the external meatus ; and 
its obliquity, which was shown to add length to the lower 
waU of the meatus at the expense of the upper, has of 
course exactly the opposite enect on the tympanum ; in- 



* The student will require a magnifying glass and some fine 
bristles, in studying the minute canals and foramina of the middle 
and internal ear. An old brush supplies the best bristles lox Vc^v%. 

{>urpose, as their ends, rounded and poUaYi^d. Vj xx!&^^^v^ \3r^«st\NNi^^ 
nequalities, in which recently-cut \>nBWQE wc^ \i«\^^ Vi ^».N*3«^ 
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creasing the extent of its v^per wall at the erpense of 
the lower. The onter wall presents three small apertures, 
one hehmd, the other two before the orifice of the mem- 
brana tympani. The first is the oriiioe of the iter ckordca 
posteriw ; the Becond is the OEosman fiesure; the third 
IB the orifice of the iter chordai anterius. The iter chordm 
poeterma ia a minute canal which commences below in 
the aqnednctiis Fallopii. near the Btjlo-mastoid foramen, 
(61) ascends in front of the aqueduct, (164) itnd opens in 
the tympanum behind the aperture for the membrana 
^mpani, close to its margin, and at the level of its centre. 
This canal transmits a nerve.* The Glaeerian fieawe, 
(59) which is said by H. Cloquet, Magendie, and others, 
to traverse the floor of the tympanum, doee, in fact, open 
jnet above the orifice for the membrana tympaai, near the 
point of junction between the anterior, superior, and ex- 
ternal waUa. This fissure, though it presents a length of 
half-an-inch on the esterior surface of the bone, appears 
withiu the tympanum merely as a little slit, about a tine 
long ; it gives passage to a muscle,'f' to sever^ small 
hlood- vessels, and to the proceeeui gracilis of the mai- 
leu». (149) Juat above this opening appears the tympa- 
nine orifice of the iter chordee anlervue. This is a minute 
canal, which runs obliquely forward, downward, and in- 
ward, parallel to the Glaseriau fissure, to open in the 
retiring angle, formed between theaquamons and petrous 
portions of the temporal bone. It lies on the outer side 
of the Eustachian tube (to which it ie nearly parallel), 
and transmits a nerve. J The membrana tympani, which 
forms the principal part of the outer wall, belongs to the 
soft parts, and must not therefore be here described. We 
may observe, however, that it ia supplied with muscles, 
by which it may be drawn either inward or outward, and 
that these changes in its poaition produce correwiondina; 
variations in the width of the tympanum. Talerrtiai. 

' The chorda lympaui j ». reflected bmach of Ihe fsoial, givao 
off by it jnat before it pa.Bses out of the aqueduotua Fallopii. 

SLaxator tympanL 
Chorda tympani. — This nerve is genentily said by lbs EDgligh 
■nalomical writers to leave the tjmpaDum by the Glaserian fisBniie. 
M. Hugnier first observed the sepamM caoal described in Ihs text. 
Several speeimeiis, in my poaseaaion, prove his account to be 

timea npm inio the tympaQHia by a coomion orihce, from whi^ 
drcamataice tbu prevalent error haa piobabXj uciaea. 
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This wall is vertical, and looks directly outward. It is 
perforated by the fenestra ovalis, an aperture whicli leads 
from the tympanum into the vestibule. (163) The 
fenestra ovaUs is an irregxdar ovoid, curved above, but 
nearly straight below. Its long diameter is nearly hori- 
zontiu, it is a little larger behind than before, and its rim 
is turned inward towards the vestibule. It is closed in 
the recent state by the base of the stapes, (150) which 
nearly fits it ; a membrane, called the membrana fenes* 
trcB ovalis, extends from its rim to this bone. This mem- 
brane is exactly opposite to the membrana tympani;* 
and is connected with it by the ossicula OAiditus, which 
stretch like a chain across the tympanum, from one mem- 
brane to the other. Below the fenestra ovalis is an emi- 
nence of a triangular form, with its apex directed back- 
ward. This is called the promontory ; it is hollow, and 
its cavity belongs to the cochlea. (158) It is traversed 
by three grooves, which lead to three minute ccmciU. 
Gliese little passages will be described in the next sec- 
tion. The lower j)art of the promontory is perforated by 
a triangular hole, improperly called the fenestra rotunda. 
This hole is not seen unless the promontory is looked at 
from below ; an imaginary axis drawn through its centre, 
would pass from below upward, forward, and inward ; it 
leads from the tympanum into the cavity of the promon- 
tory, and as that cavity forms part of the cochlea, it leads 
from the tympanum to the coc/iZea.f It is closed in the 
recent state by a membrane, called the ra&mhrana tym," 
pa/ni secunda/ria, A horizontal rounded eminence passes 
across the inner wall of the tympanum, just above the 
fenestra ovalis, and behind that opening makes a curve, 
descends nearly vertically on the posterior wall of the 
tympanum, and disappears. This curved eminence indi- 
cates the course of a canal called the aqueductus Fallopii, 
the description of which is deferred for the present. Just 
in front of the vertical portion of this eminence (and 
consequently behind and below the fenestra ovalis), there 



* The tympanum, on account of these two opposite membranes, 
has been compared to a military drum — whence its name. 

t This hole is usually descrioed as being below the promontory ; 
an expression calculated to convey the erroneous impresslox^. \Jbcvx 
it perforates the inner wall of the tympanuoi beneoAU >i2iv«X. «^\£iQSi«os^ 
— whereas, in fact, it is an apertuiQ ia tkie ^xcimosXors \\»^« 

l2 
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is a little conical eminence called the pyramid.* Its ttftM 
is directed downward ; ita apes projects freely into the 
tympanum, being' curved forward, ao as topoint to the 
poat-erior extremity of the feneatra o\^lia. This eminence 
contains a cavity called the fistula, and ita aainmit is per- 
forated by B, hole. In the recent 8tat«. the Gstnla lodges 
a minute m.uHole,+ the tendon of which passes out through, 
the hole. The cavity of the pyramid ia nanally aaid to 
terminate in a cnl-de-aac. It is, in fact, prolonged down- 
ward aa a canal, which at first descends vertically, 
parallel to the aqueductus Fallopii, and only separated 
from it hy a thin osseona plate; and afterwards currea 
forward, and opens on the lower snrface of the petrons 
portion, anterior and internal to the atylo-mastoid fora- 
men. (61) Thia canal communicates with the ac[nednct 
of Fallopine ; it sometimes bifurcates helow ; it gives 
rise to a short horizontal canal, which loses itaelE in the 
diploe. (These two latter points I give on the authority 
ot M, Hugnier, the discoverer of the canal ; but, of ita 
existence, and communication with the aqueduotna 
Fallopii, I have satisfied myself hy ohservation.) Just in 
front of the pyramid there is a. little depression, or nook, 
occaaioned by the eminence of the promontory in front, 
and of the pyramid behind ; it is sometimes called the 
einus of the tympanum, and there are often several little 
bony threads, stretching across it from the apex of the 
pjTamid to the promontory, and rendering the distinc- 
' tion of these parta rather difficult to an inexperienced 
eye. Pogterior. This wall is wider above than below, 
and presents at ita upper part one or more orifices, be- 
longmg to a canal or canals, leading downward, bacb- 
ward, and outward, into the maetotd cells. These are 
cavilaes in the mastoid proceas, which vary conaiderably 
in number, size, and form. There are generally three or 
four large ones in the centre, aurronnded by others not 
much eieeeding in size the common ooUulea of the diploe. 
They all communicate with each other ; but are invested 
in the recent state by a prolongation of the lining mem- 
brane of the tympanum, which aeparates them from the 



• Tbe pynunid, toEethor with the vertical portion of the emJ- 
oencf! dfiscribtd jnBtliefore it, belongs lo thi .. - . 

described hero, in ordtT tlmt ita relatiajiB w 



. — with the objects on the 

i»rly undorEtood, 
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oommos cells of the diploe. Beneath the opening of 
these cella appear the vertical portion of the eminence 
formed by the aqueduclas FaUopii, and the pyramid 
(which were mentioned in the description of the internal 
wall). AnleHor. This wall, lifce the posterior, ia wider 
above than below. It presents at its opper part, just at 
the level of the fenestra ovahs, two orifices, situated one 
«boTe the other, which are the posterior apertures of two 
canals. These canals ran from the anterior wall of the 
tympanum forward, inward, and a little downward, to the 
i^nng angle formed between the petrous and equamons 
portions of the temporal bone. I'heir anterior orifices 
occur in this angle, where they have already been pointed 
out, in the description of the temporal bone. (61) The 
two canals appear to resnlt from the sabdivision of a 
Bingle canal, by an extremely delicate horizontal lamina, 
called the processMs cochleariformia. They are quite 
parallel to each other. Thetmperuirand smaller is called 
the canal of the teneor tympani. It is rounded, and in 
the recent state occupied by the small muscle ;* from 
which it takes its name. It lies immediately beneath the 
mjper surface of the petrous portion i close to the hiatus 
FalJovii. (61) A minute passage, aboat a line in lenj^, 
runs from the middle of this canal to the groove leading 
to the hiatus Fallopii; it transmits a minntenervoasfilo- 
ment.+ The posterior extremity of the canal of the ten- 
sor tympani is prolonged backward into the cavity of the 
tympanum, forming a little curved conical eminence, 
etrongly resembling the pyramid, and like it perforated 
at the apex by a hole which transmits the tendon of the 
muscle lodged within its cavity. This anterior pynmnld, 
OB it may be called, is much more delicate and fragile 
than the postet-ior pyramid; insomuch tbat its upper 
half is frequently destroyed in the preparation of the 
bone, and nothing is left of it but a httle curved lamina, 
which looks tike a mere prolongation of the cochleariform 

SooesBi and, in fact, is usually described as such. 
, Baguier was the first who gave a correct account 
of the anterior pyramtAd. I have a bone in which this 
part is nearly perfect, quite sufficiently so to show its 
' original sIeo and tbroi. The inferior and larger of the 
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two canals under review is the bony portion of the Ei»». 
iaehian hibe. Thie canal is seven or eight lines long, 
and ninH from the tympannm downward, forward, and 
inward ; it« posterior, or tyinpanitic orifice, is wider 
than its anterior opening, which is joined in the recent 
enhject to the cartilaginous portion of the Enatachian 
tnhe ; the entire patisage forming a commnnication be- 
tween the tympanum and the pnaryni. Inferior. Thia 
wall is very narrow, and presents nothing remarkable 
eieept the orifice of one of the minute canals of the 
tympannm, (146) Superior. Wider than the inferior, 
and perforated hy some pores which transmit small hlood- 
▼essels. 



146. To enable the student to nnderstand clearly tte 
relative position of these little paasages, it is necessary to 
premise that a small nerve, called the nerve of JacoMion, 
enters the tympannm hj a hole in its floor near the inner 
wall, ascends a httle way on the promontory, and just in 
front of the foramen rotnndnra divides into several 
branches. Three of these branches mn in groinies on the 
snriace of the promontory, diverging from each other, to 
three little orifices, by which they finally quit the 
tympannm. These orifices are the tympanine eitremities 
of three little canals which traverse the substance of the 
petrous portion, and convey the nervous filaments to 
their respective destinations. We have, therefore, to 
examine, first, the passage by which the nerve of Jacobaon 
enters the tympanum, called after its discoverer, the 
eanal of Jacohson ; secondly, the three grooves which 
diverge from the tympanine eitremlty of this canal ; and, 
lastly, the three minute canals, to the tympanine ez- 
tremitiea of which the grooves conduct. Before entering 
on their description, we must warn the student that 
sometimes the canal of Jacobson, instead of opening in 
the tympannm, ascends in the substance of its internal 
wall and ephts into three diverging aanaU, which pnrsne 
the same course, and became contmnons with the same 
canals as the grooves we ehaU presently describe. In thee© 
instances, instead of grooves diverging from a common 
orifice, and leading to three other orifices, we have canals 
oonoealed within the sabslajice o£ tbe tn.mwu. -wliiijh forms 



GROOVES AND CANALS OP TYMPANUM. U9 

the promontoiT ; so that neither grooves nor orifices are 
to be seen on tne walls of the tympanum. On the other 
hand, one or more of the grooves may be so sn^erficial as 
to be scarcely perceptible, except in the immediate 
vicinitj of the ormces ; and I have examined some speci- 
mens in which, thongh the orifices were present, no traces 
of the grooves couldbe discovered, even with a lens. 

The canal of Jacohson commences on the under surface 
of the petrous process by a fossula of variable size, situated 
on the crest which separates the lower orifice of the 
carotid canal from the jugular fossa. (61) From this 
point it ascends to the tympanum ; sometimes perforating 
the floor of that cavity close to the internal wall, and 

1*ust beneath the promontory ; sometimes ascending a 
ittle way in the substance of the lamina which forms the 
promontory, to open just in front of the foramen 
rotundum. It is from this point that the three grooves 
of the promontory diverge. The anterior groove runs 
horizontjEilly forward to an aperture situated in the line of 
junction of the anterior and internal walls, not far above 
the floor. The middle groove runs upward and forward 
to a little aperture, also situated in tne angle formed by 
the junction of the anterior and internal walls, but much 
higher up : being on a level with, and just internal to, 
the tympanine orifice of the Eustachian tube. The 
posterior groove, which is the deepest and most distinct 
(and frequently traceable when the others are absent), 
runs vertically upward to an aperture in the internal 
wall, close under the anterior pyramiid (commonly called 
the processus cochlea/riformis). Such are the grooves ; and 
from them we pass naturally to the canals^ the tympanine 
openings of which we have already noticed. The canal 
to whiwi the anteiior groove conducts, runs forward from 
the above-mentioned orifice "situated in the line of 
junction between the anterior and internal wall of the 
tympanum, not far above the floor," to open in the 
posterior wall of the carotid canal, just where it changes 
its direction. The canaJ to which the middle groove 
conducts, commences at the orifice, ** just internal to the 
tympanine extremity of the Eustachian tube," and runs 
forward and inward, parallel to the vertical plane of that 
tube, but ascending instead of descending, to open upon 
the anterior surface of the petrous process at the point 
just internal to the anterior openiik^ oi ^Saa «xr(\.oX. oj ^^^i^ 
tensor tym^pani which. Uea iEMXiQ^^\.^l ^Jiws^^ *^^ 
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Eustachian tube. Tbe canal to which, the pasiertor or 
vertical groove conducts, rung forward, upward, and 
inward, to open in the hiatus Fallopii, or in the groove 
leading to it." 

Of these three grooves and can^a, the first and last 
described are sometimes double, on account of the sub- 
division of the fllamonta thej respectively transmit. 



AcnlTflS. 

147. These bones, three in number, and very small, ara 
named after obiecta which they ace thought to resemble, 
tbe maileuB or hammer, the incus or anvil, and tbe itapea 
or stirrup. A fourth in Bometimea described imder the 
name of the Itsnticular bone. This is a minnte rounded 
bone, interposed between tbe inous and stapes ; but as it 
IB alniost always nruted to the incus, even in the toetna, 
it is considered bj the best anatomists as an epiphysis of 
that bone. Tbe three remaining bones have this relative 
wtaation. The wcu« is placed between the other two ; 
it projects forward from tne posterior wall into the centre 
of the tympanum; and is articulated, externally to ths 
mallewi, which is connected with the membraTii tympani, 
and internally to the stapes, which is connected with the 
tnembranafenestree ovalis. 

148. iNcns. This bone bears a strong resemblance to 
a molar tooth. It is divided into a body (which maj be 
OOmpared to the crown of tbe tooth), and two braneJtea 
(which represent the fangs). The body is of a somewhat 
square form, bat compressed from side to side. Its vnuier 
surface is slightly concave, its oiiier surface is convex, and 
ita anterior surface, or eummit, which is directed forward 



* The Dene of JucobsoD is a. branch of the glosao-pharyugeU 
nerve. The HlBmeDt tnmemitted by the Siet groove uid tha 
cum^gponding canal. cnCere tbe carotid canal, and jains tbs cairotid- 
plexus, eslablisbiDg a commutiicBtion between the ^loEae-pfaaryn- 
gesl and the sympathetic. The fHament tnuiBmitted b; the sMOnd 
KTOOvo and cnnsl poeeeB out of the cntnims by Ibe middle lacereted 
lonuuen, and insC beueatb tbe fuismen ovale joins the otic gan- 
glion, of which it is regarded by Aroold aa one of the oHgiDA or 
n»te. This filament is called ncrvus petmsuB BHperScialie miner, 
in oontradisti action to the nervua petrosns snperficialis mqjor, or 
cranial branch of the Vidian. The filament tmnemittfld by the third 
groove &ud caaal joina the nervDS pelniBUS vigei&mlia mKy^c. 
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and a little upward, is concave from above downward, 
convex from side to side, and covered with cartilage for 
articulation with the head of the malleus. The superior 
branch, or short process of the incus, is shorter and thicker 
than its inferior' brcmch, or long process. It arises from 
the back of the body, and runs backward, and a little 
downward and outward, to the posterior wall of the 
tvmpanum, where it terminates in a jpoint which rests in 
tne orifice of the mastoid cells. The inferior branch, more 
lon^ and slender, arises from the lower end of the body, 
and descends obHquely forward and inward, till it is on a 
level with the fenestra ovalis. Its lower extremity 
(which is exactly opposite the centre of the fenestra ovalis, 
but separated irom it by the lenticular bone and the 
stapes) is curved a little inward, and presents, sometimes 
the surface which articulates with the as lenticulare, more 
frequently that bone itself, united to it as an epiphysis. 

149. Malleus. This bone is divided into a head, a nech^ 
a ha/ndle, and two processes — viz., the processt/s gra^yilis^ 
and the processus brevis. The head is the largest and 
uppermost part of the bone, and articulates with the 
incus : the handle is a vertical branch of bone, which rests 
against the membrana tympani; the nech is a short 
contracted portion which joms i^e head to the handle, 
running obliquely downward and outward from the former, 
so as to form an obtuse angle with the latter ; the short 
process is a little conical projection, which rises from the 
angle formed by the junction of the handle and neck ; and 
the processus gracilis is a long, curved, and delicate pro- 
cess, which rises from the anterior part of the neck itself. 

The head is of an oval form ; its posterior surface is 
convex from above downward, concave from side to side, 
and covered with cartilage for articulation with the an- 
terior surface of the body of the incus ; its other surfaces 
are free. The neck is somewhat thicker than the handle ; 
its inclination downward and outward from the body has 
been already mentioned. The ha/ndle adheres firmly to 
the membrana tympani,* which it draws inward, so as to 



* The membrana tympani oonsists of three lamina; an external 
lamina^ continuous with the delicate reflection of the cutis which 
lines the meatus extemus ; a middle fibrous laxnina, or proper 
tympanine membrane ; and an internal lamina oontinnooa ^R^j(k^^<iBA 
mucous lining of the middle ear. It \& XxX-Ti^tta >(2^«»^ \^^ ^a^^«a> 
laminflB that &e handle of tiie.iDB31«iia \a \D\«rgQ«ft^ 
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render ita outer surface concave. The handle is 
forward at i\e lower eitremity, -whioli corresponds to the 
centre of the membrana tympani. A radins drawn from, 
the centre of this membrane vertically upward to the 
circumference would nearly represent the positioa of the 
handle of the malleus. The procesevs gracilis runs frota 
the iront of the neck, first forward, and then ontward, to 
enter the Glaserian fissure, where its summit gives at- 
tachment to a muscle.* The place of this process is 
sometimes supplied by a mere ligatnentons cord. The 

Ccessue brevis runs obliquely upward, outward, and 
kward,+ from the junction of the neck and handle: it 
lies in contact with the membraaa tympani, and givea 
attachment by its summit to a muscle. I With regard to 
the exact relative position of the malleus, its head is 
situat^id in front of the incus, but its other parts are ei- 
temal to that bone. 

150. 8t4pbs. This bone, which strongly resembles a, 
stirrup, estends horizontally from the long process of the 
incus to the fenestra ovalia, It is divided into head, base, 
and two branche». The Jierui (which corresponds with 
the top of the stirrup) is situated ertemally, and is sup- 
ported by a short neek, which givea attachment posteriorly 
to a tnusclQ.§ The summit of the head is directed out- 
ward, and presents an oval cartilaginous depression for 
articulation with the lenticular epiphysis of the incua. 
The baee is the innermost part of the none, and represents 
the footbar of the stirrup; it is a thin flat plate, cor- 
responding in shape with the fenestra ovalia, which it 
loosely fits. Its lower edge is straight, its upper edge 
curved, aud its posterior a little larger than its anterior 
extremity. Its internal surface is concave, and its cir- 
oumference is connected with the rim of the fenestra 
ovahs by the membrana fenestra ovalig.|| Of the two 
hratiehes, the anterior is the shorter and less curved. 



t right ai 

Possibly 
m; in all tl 



t Tpusor tympnnl, or inlemus mallei. 

I The hasB of the stapes is enolosed be 
membniDft feaesCrte OT&lis, exactly as ths 
eaolosed I»tweeu two Um 
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They arise from the neck, and run inward, diverging from 
eacli other, to the opposite ends of the base. They cir- 
cnmscribe (with the base) a triangular space filled in the 
recent subject by a delicate membrane. A groove, which 
receives the border of this membrane, traverses the op- 
posed edges of the anterior and posterior branches, and 
the outer surface of the base. 

This bone is sometimes very small, as though atro* 
phied. Cruveilhier mentions a case of this sort m which 
the two branches were joined together. 

151. Structure. The ossicula auditrLs consists chiefly 
of compact tissue, though a little cellular is found in 
their thickest parts. 

152« Development. By a single point of ossification 
for each. Articuultions. With each other, and with 
the walls of the tympanum, at the several points that 
have been describea. 

OF THE VESTIBULE, 

153. This is a small ovoid cavity situated internal to 
the tympanum, external to the meatus auditorius in- 
temus, and above the jugular fossa. It is the middle of 
the three portions into which the labyrinth or internal 
ear is divided ; the cochlea being in front of it, and the 
semicircular canals behind. It is wider above than below, 
and divided into two unequal fissulsa by a horizontal crest 
on its inner wall ; the upper of these is the larger, and 
has a semi-elliptical form : the lower is smaller in size, 
and nearly hemispherical in shape. The vestibule presents 
eight orifices; five of which are the apertures of the: 
semicircular canals. These latter are situated at the 
posterior part of the cavity. Their relative position 
cannot be understood till the semicircular canals them- 
selves have been examined. Their description is there- 
fore deferred. (156) Of the other three, one, situated in 
the outer wall, is the fenestra ovalis already described. 
In the dry bone the vestibule communicates "^th the 
tympanum by this aperture ; but in the recent subject it 
is closed by tiie stapes, by its own proper membrane, and 
by the general Uning membrane of tne vestibule. The 
two remaining apertures are, the apertura acala vestihuU 
cochleoB, and the osteum vntemum aqueductus ve^tilyM,^ 
The former is an oval hole, 8itiMAjftd.\w\«^ ^tA\>r^ss^^*^^ 
fenestra ovalia, and leading iu\iO \5ajb «x\«ti!^ ^^<5r2^ ^"^ *^^sift 
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cochlea. (162) The latter is a minnte oritice 
■wall of tlie vestibule, sitaated just below and before the 
orifice common to the two vertical aemicircnlar canale, 
(165) A short groove, called by Morgagni, tlie recensMS 
gulciformig, mns downward and forward from this orifice, 
which is the vestibular opening of the AQnEDUCTDS vbs- 
TiBULi. This is a very narrow canal, about four Unea 
long, which, commencing in the vestibule by the last- 
mentioned apertnre, at the posterior extremity of the 
receasQB Bnlciformis, mns for a little distance iipward, in- 
ward, and backward ; then, forming a curve, passes daam- 
leard, inward, and backward, becomes mnch wider, and 
teriniuateB neat the middle of the posterior surface of the 
petroDB process, in a narrow aperture or slit which haa 
been already described. (61) Besides these principal 
apertures, the inner wall of the vestibule presents many 
small pores for the transmission of nervous filaments.* 
These pores are so numerons at the anterior and in- 
ferior part of the inner wall, as to give it a cribriform 
appearance. Hence the name maeiila crihrosat which has 
been apphed to this part of the wall of the vestibule. 



154. This is a calcareous powder contained in the two 
membranous saccules which occupy, in the recent subject, 
the two fossae of the vestibule. It appears to be the 
vestige, in mammalia, of certain concreUons of consider- 
able size and regular shape, found in the labyrinths of 
fishes. It is called otoconia (iras xiji'ir, auris pulvie) bj 
its discoverer, M. Breschet ; who attributes to it the 
function of reinforcing the sonorous vibrations ot the 
flnid, contained in the membranous sacs of the vestibule. 



L 



1S5. These are three curved tnbes, situated behind the 
vestibule, into which they open by both extremities. One 
IB horizontal, the other two are vertical. Of the two 
vertical, one is superior, and has its convexity directed 
upward ; the other is poBterior, and haa its converity 
directed backward. The inner leg of the superior- vertical, 
and the upper leg of the posterior- vertical, unite abont 
two lines oefore their termination, to form a commoa 
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canal wHcIi opens by a single aperture at tlie inner and 
back part of tne roof of the vestibule. Eacb of the four 
remaining tegs* of the semicircular canals open into the 
yestibule by a separate aperture. 

The sv^perior-verticcd, which stands erect, like a bridge, 
over the vestibule, in a plane parallel to its posterior 
wall, commences internally in the roof of the vestibule, at 
the common orifice iust described, ascends a little, then 
curves transversely outward, and a^. descending per- 
forates the roof of the vestibule at its posterior and 
external part. The summit of this canal forms an emi* 
nence on the anterior surface of the petrous process ; as we 
have already observed in the description of the temporal 
bone. (61) The posterior-vertical, which projects from 
the back of the vestibule in a plane parallel to its inner 
wall, commences by the common canal before mentioned, 
first passes horizontally backward, then curves down- 
ward, and then, running forward and upward, re-enters 
the vestibule by an aperture in the posterior wall, situated 
vertically below the point from wnich it set out. The 
horizontal, which projects from the back of the vestibule 
in a plane parallel to its fioor and roof, but nearer to the 
latter than to the former, commences internally by an 
orifice in the posterior wall, situated between the two 
apertures of the posterior- vertical canal (i.e. the common 
orifice above, and the proper orifice of the posterior-ver- 
tical below). From this point it runs backward a little 
way, curves horizontally outward, and then bending for- 
ward, opens again into the vestibule by an aperture in its 
posterior wall, situated just below the outer orifice of the 
superior- vertical canal. 

166. Thus, of the five apertures by which the semicir- 
cular canals open into the back pajii of the vestibule, 
three are situated internally, one above the other ; two 
eztemallj, in a similar relative position. The three 
inner orifices, enumerated &om above downward, are : 
1st, the orifice common to the two vertical ; 2ndly, the 
internal orifice of the horizontal ; Srdly, the inferior 
orifice of the posterior-vertical. The two outer ofificee, 
enumerated from above downward, are : Ist, the outer 
orifice of the superior- vertical ; 2ndly, the outer orifice of 
the horizontal.* 



♦ The semidrcnlar canals have iioV«toAEXX'3 we«i»>Kfli%^"Oaft^'«»«»»^^ 
rectionfl here described. Thus ^ii© a\ix»I\Qit-^«s^Ma2^^a^ ^^\.'S»»s3oc^ 
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157. Eacli of these canals presents at one eitremity 
a alight dilatation, called an aimpulla. The inner ei- 
trenuty of the horizontftl canal, and the short canal 
common to the two vertical, are not dilated ; the other 
three estremities present ampnlliB. In the order of 
length, beginning with tSe longest, they mn thua : pos- 
tenor-Tertical, snperior- vertical, hori^ontaL The great 
snperiority in lenath of the posterior-vertical is occa- 
sioned by ita describing in its conrae a larger portion of 
a circle than the others. Each of these canals is formed 
of a compact smooth lamina, embedded in the reticular 
tissue. 



158, It is impossible to form a correct idea of tie 
cochlea without actual inspection of the cavity itself. It 
ifi of a pyramidal form, and may be described in general 
terms to consist of a plate ■which forms the base of the 
pyramid ; of an axis called the modiohis, which rises per- 
pendicnlarly from the centre of that plat«; of a conical 
tnbe spirally wound ronnd that axis for two turns and a. 
balf ; and of a delicate lamina, called the lamina spiralU, 
which is contained within that tube, follows its windings, 
and divides it into two nneqnal parts, called the two Bcatm 
of the cochlea. In the adult bone, however, Uie onter 
surface of the conical tnbe is continuous with the surround- 
ing osseous tissne, so that the cochlea has the appearance 
of a spiral excavation in the substance of the petrona 
process, rather than of a spiral tube. We shall conclude 
this rough onthne of the cochlea with the observation, 
that the pyramid, or cone, which it forms, does not stand 
npright on its base within the petrous process, but has a 
positmn rather resembling that of a sugar-loaf laid on ita 
side ; so that the plate wHch forms the base of the 

g being BnCniior, and a 

snd the horizontal clownward and inward. 
Tbe curve of the fonner is in a plane at riRht angles to the aiia of 
the pelrouB procesa; the curvoa of tho two latter are in planes 
parallel h> that axis. Until, however, the pan>OBe and meaning of 
the relative eitnation of these canals is ascertained, Iho atudent will 
perhaps be wise to spare hia memory tho hnrden of these minntis, 
An Qltra-preciaion in mere details is not only nseloBs and trifling In 
itself, but occupies time and thought which might have been mors 
proStably employei. 
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cocUea is placed on its edge vertically ; tlie modiolus pro- 
jects horizontally outwards; and tne scalsB, instead of 
leading, like winding staircases, from below upward, lead, 
in consequence of tms horizontal position of the modiolus 
round wnich they turn, from within outward. We shall 
next describe, more minutely, these several parts. 

159. Base op the Cochlea. Formed by a plate of 
bone standing nearly vertically within the petrous pro- 
cess, but so inclined that its inner surface looks inward, 
backward, and a little upward, its outer surface in the 
opposite direction. As the membrana tympani at the 
same time closes the inner extremity of the meatus audi- 
torius extemus, and forms the outer wall of the tympa- 
num ; so does this plate, interposed in a similar manner 
between the meatus auditorius extemus and the labyrinth, 
close the former, and also constitute the inner wall of the 
latter ; its inner surface being seen when we look into 
the meatus, and its outer surface appearing within the 
cochlea and vestibule. It is important that the student 
should clearly understand this relation, because branches 
of an important nerve pass through this plate, £rom 
the meatus auditorius intemus into the cochlea and 
vestibule. 

160. Modiolus. A bony axis, which arises, by a broad 
base, from the centre of the last described plate, runs 
outward, forward, a little downward, becoming narrower, 
and terminates at the apex of the cochlea, in an expanded 
summit, resembling a funnel, and called the infundi' 
hulwrn. Its base is hollow ; and the cavity appears as a 
little depression at the bottom of the internal auditory 
canal. The modiolus is traversed by a number of minute 
canals, which open upon its surface by little pores, and 
transmit filaments of a nerve,* which enters the cavity of 
its base, from the meatus internus. The vnfundihulwnfi, 
into which it expands, lodges the terminal branch of the 
same nerve. This little cavity is deficient at its upper 
part, so that it resembles the half of a funnel divided b^ 
a longitudinal section. It is covered by the rounded summit 
of the cochlea ; a part which from its form and situation 
has been named the cv/pola, (The student must bear in 
mind that the summit of the pyramid formed by the 
cochlea, is directed, not upwards, but outwards.) 



^ The cochlear branch ol \2he baow&^q tlvtt^ 
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161. Lauina SpnuLts. A thin plate of bone won 
epirally round the modiolus for about two toniH ; it com- 
meuccB between the tympanine and vcBtibular openings 
of the cochlea, beconies cruduallj narrower as it piirsuea 
its winding course, and terminates in a httle haimilwr 
process just where the eKpansion of the iniudibulum com- 
mences. It contributes to form a septum which divideB 
the spiral cavity of the cochlea into two unequal parts. 
This septum, however, ia not perfect in the dry bone. 
That part which ia attached to the wall of the cochlea, is 
membraaous, and disappears during maceration. It is 
only the half which is connected with the axis, that ia 
formed of bone. The mombranona portion continaes 
from the hamular process to the aummit, or aupola, of the 
cochlea; so that the septum of the last half turn of the 
cochlea ia entirely membranous. This membranouB 
septum, in turning round the demi-icfnndibTiIum, adherea 
to its inferior convex aspect, bat presents a free margin. 
to its concavity. This free margin ia onrved, so that with 
the concavity of the infundibulum it forms a round aper- 
ture, through which the two acalffi communicate with 
each other. The lamina spiralis is formed of two lamellie, 
between which aro numerous fine canals for the transmia- 
Bion of uervoua filaments. 

162. ScAL^ OP THE OoCHLBii. One is eitemal and 
smaller, and opens freely into the vestibule by an oval 
aperture, situated just below the fenestra ovalis ; the 
other is internal ; it would communicate with the tympa- 
num by the feneatra rotunda (or, as it ought rather to be 
called, the fenestra triangularis), were not that aperture 
cloBed in the recent atate by its membrane. Hence the 
external is called the scula ves(tbuii!,the internal the acala 
f^mpani. They communicate with each other, near tha 
aummit of the cochlea, by the aperture formed between 
the cavity of the demi-infundibulnm and the mem- 
branous portion of the septum. The surface of the 
lamina spiralis which corresponds to the scala tympani, 
is rough ; whereaa the surface, which corresponds to the 
ficela vestihuli, is smooth, and marked with slight trans- 
verse strJEB.* The scale gradually contract from their 
commencement to their termination. 

163. A»iUEDUCTUs Cochlea:. A minute canal, which 
' 1 the scala tympani, by a little aperture. 
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situate anterior and internal to the fenestra rotunda, and' 
fAm thence runs downward, forward, and inward, in- 
creasing in size as it descends, to terminate in an expanded 
triangular orifice, on the lower surface of the petrous 
portion, close to its posterior border, and just in front of 
the jugular fossa. This canal varies in size in different 
individuals, and is said to be sometimes altogether want* 
ing. When present it transmits a minute vem. 

OP THE MEATUS AUDITOEIUS INTEBJTUS. 

164. This is a straight canal, shorter and smaller than- 
the external meatus, leading from the interior of the 
skull to the labyrinth. Its inner extremity, which is oval 
and somewhat expanded, opens nearly in the middle of 
the posterior surface of the petrous portion. The canal 
runs from this point directly outward, and, after a course 
of about four lines in the adult, reaches a vertical plate 
which closes its extremity. This plate is divided into 
two unequal portions by a horiiontal crest ; the up^er 
and smaller portion is perforated posteriorly by small 
pores, which open on the inner wall of the vestibule, and 
transmit nervous filaments into that cavity ; in front, it 
presents an orifice of considerable size, of which we shall 
presently speak. The lower portion corresponds, in front, 
to the cochlea, and presents the cavity of the modiolus ; 
posteriorly it is cribriform, and corresponds to that por- 
tion of the inner wall of the vestibule which is called the 
macula oribrosa, (153) All the pores in this plate trans- 
mit filaments of the nerve of hearing. 

The orifice Just mentioned is the commencement of the 
oqiieducttM PaMopii. The course of this canal is not 
easily explained. To facilitate its description we shall 
trace it in a reverse direction, from its termination in the 
stylomastoid foramen, to its commencement in the meatus 
auditorius intemus. From the stylomastoid foramen it 
passes vertically upward, forming an eminence on the 
posterior wall of the tympanum behind the fenestra 
ovalis ; then, making a bena, it runs forward and a little 
upward, forming an eminence on the internal wall above 
the fenestra ovalis; and finally it disappears from the 
tympanum. After leaving the inner w^ of the tym- 
panum, it continues to run forwa/rd for about ^ Vojkfts 
and then, tttmmg ai an acute (Mrigle, tvxt^ \sr«^^ wv^ "^ 
little backward to terminate iu ^e "meaXiviA wx^q^««s»\s^- 
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cocMea. (162) llie latter is a minute oriiice in the inner 
wall of the vestibule, situated just below and before the 
orifice common to the two vertical semicircular canals. 
(166) A short groove, called by Morgagni, the receestba 
suleifmym, rxms downward and forward from this orifice, 
which is the vestibular opening of the aquedtjctus ves- 
TiBULi. This is a verjr narrow canal, about four lines 
long, which, commencmg in the vestibule hj the last- 
mentioned aperture, at the ^posterior extremity of the 
recessus sulciformis, runs for a little distance wpwan'd, in- 
ward, and backward ; then, forming a curve, passes downr- 
ward, inward, and backward, becomes much wider, and 
terminates near the middle of the posterior surface of the 
petrous process, in a narrow aperture or slit which has 
Deen already described. (61) Besides these principal 
apertures, the inner wall of the vestibule presents many 
small pores for the transmission of nervous filaments.* 
These pores are so numerous at the anterior and in- 
ferior part of the inner wall, as to give it a cribriform 
appearance. Hence the name macula crihroea, which has 
been applied to this part of the wall of the vestibule. 

OP THE FULVIS VESTIBITLABIS. . 

164. This is a calcareous powder contained in the two 
membranous saccules which occupy, in the recent subject, 
the two foss8B of the vestibule. It appears to be the 
vestige, in mammalia, of certain concretions of consider- 
able size and regular shape, found in the labyrinths of 
fishes. It is called otoconia {arbs k6vis, amris 'pulvis) by 
its discoverer, M. Breschet; who attributes to it the 
function of reinforcing the sonorous vibrations of the 
fluid, contained in the membranous sacs of the vestibule. 

OP THE SEMICIBCULAB CANALS. 

166. These are three curved tubes, situated behind the 
vestibule, into which they open by both extremities. One 
is horiz(5tital, the other two are vertical. Of the two 
vertical, one is s'wperior, and has its convexity directed 
upward; the other is posterior, and has its convexitv 
directed backward. The inner leg of the superior-vertical, 
and the upper leg of the posterior- vertical, unite about 
two Hnes oefore their termination, to form a common 



• Bamiflcations of the aooustio nerve. 
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canal wHcIl opens by a single aperture at tlie inner and 
back part of tne roof of the vestibule. Each of the four 
remaming "iegs of the semicircular canals open into the 
vestibule by a separate aperture. 

The superior-vertical, which stands erect, like a bridge, 
over the vestibule, in a plane parallel to its posterior 
wall, commences internally in the roof of the vestibule, at 
the common orifice just described, ascends a little, then 
curves transversely outward, and again descending per^ 
forates the roof of the vestibule at its posterior and 
external part. The summit of this canal torms an emi* 
nence on the anterior surface of the petrous process ; as we 
have already observed in the description of the temporal 
bone. (61) The posterior-vertical, which projects from 
the back of the vestibule in a plane parallel to its inner 
wall, commences by the common canal before mentioned, 
first passes horizontally backward, then curves down- 
ward, and then, running forward and upward, re-enters 
the vestibule by an aperture in the posterior wall, situated 
vertically below the point from wnich it set out. The 
horizontal, which projects from the back of the vestibule 
in a plane parallel to its fioor and roof, but nearer to the 
latter than to the former, commences internally by an 
orifice in the posterior wall, situated between the two 
apertures of the posterior-vertical canal (i.e. the common 
orifice above, and the proper orifice of the posterior-ver- 
tical below). From this point it runs backward a little 
way, curves horizontally outward, and then bending for- 
ward, opens again into the vestibule by an aperture m its 
posterior wall, situated just below the outer orifice of the 
superior-vertical canal. 

156. Thus, of the five apertures by which the semicir- 
cular canals open into the back psuii of the vestibule, 
three are situated internally, one above the other ; two 
externally, in a similar relative position. The three 
inner orifices, enumerated from above downward, are : 
1st, the orifice common to the two vertical ; 2ndly, the 
internal orifice of the horizontal ; Srdly, the inferior 
orifice of the posterior-vertical. The two outer orifices, 
enumerated from above downward, are : Ist, the outer 
orifice of the superior-vertical ; 2ndly, the outer orifice of 
the horizontal.* 



* The semidrctilar canals have not, strictly speaking, the precise 
directions here described. Thus the superior-vertical is not exactly 
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temns. The exact situation of the sharp angle which fl| 
thus foTTUB, may be readily pointed out, even in an ni- 
diaaected bone; it is immediately beneath tKe anterior 
surface of the petrous portion, and abont two lines behind 
the aperture of the?tia*Ma Fallopii, (eij-shich canal opens 
into the aqueductus Fallopii jnst at this angle. The 
aqueductQB Fallopii, therefore, may be shortly described 
as a canal, which runs from the outer extremity of tha 
meatus intemns to the stylomastoid foramen, making in 
this course two Teraariable bends ; the first, which iayery 
abrupt and angnlar, being in a horizontal plane, cloao 
under the anterior surface of the petrous procesa ; the 
second, which in gradual and rounded, being in the verti- 
cal plane of the inner wall of the tympanum. It is at 
the first sharp angle, that the hiatus Fallopii joins the 
aquediictu» Fallopu. Each of these canals transmits a 

165. Uses. Our knowledge of the uses of the curiouB 
apparatus that has just been described is very imperfect, 
and chiefly conjectural. The auricle, or external eii r, col- 
lects, and the meatus auditorias extemus transmits to 
the membrana tympani, the sonorous undulations of the 
air. The substance of the auricle itself hkewise enters 
into sonorous vibrations, which are propagated along the 
cartilaginous lining of the meatus extemus to the mem- 
brana tympani. The vibrations of this membrane travel, 
partly along the jointed lever formed by the ossicnla 
aaditfla, partly through the air in the tympanum, to the 
membranes of the oval and round foramina. From thoae 
membranes the undulations are communicated to the 
hquid that fills the labyrinth ; and, through this medium, 
tliey reach the membranous saccules and tubes that 
float in the liquid of the vestibule and semicircular 
canals, and the membranous portion of the septum which 
separates the acalro of the cochlea. These membranouB 
parts receive the ramifications of the acoustic nerve; by 
which the impressions of sound are transmitted to thebr^n. 

The Buataiohian tube admits fresh air from the pharynx 



■ Tlie aqaeduutia Fallopii tmnemila the fncinl nerve, or portia 
™ of tlio seventh pair. Tbe hiatus FaUopii traDBmlla the cnmial 
anch of the vidian, or nervona petrosns superflemlifi msior. Prom , 
... ,. ,. ...- .... ...... .L "--Ls Fallopii, 
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to the tympantim; equalizes, under every variation of 
temperature, the atmospheric pressure on the opposite 
Burraces of the membrana tympani ; and, by permitting 
the ingress and egress of the air, enables that membrane 
to vibrate freely. In its latter function it resembles 
the sound-hole of a drum ; and the deafness, which re- 
sults from the obstruction, may sometimes be relieved 
by perforating the membrana tympani, or the mastoid 
process. 

It is probable that the mastoid cells reinforce, by re- 
sonance, the sonorous undulations of the air in the tym- 
panum ; and that the series of ossicula, acted upon by 
their proper muscles, adapt the tension of the tympanine 
membranes to the varying intensity of sounds, as the 
iris adapts the eye to the varying intensity of light. A 
conjecture has been hazarded (among many others) that 
the semicircular canals may be designed to inform us of 
the direction of sounds, and the cochlea to ascertain their 
musical relations. With regard to the former, it is curious 
that they are trumpet-shaped tubes, whose smaller ends 
are all situated (wposite tne membrana fenestrsB ovalis ; 
and whose dilated extremities are most abundantly sup- 
plied with filaments of the acoustic nerve. With regard 
to the latter, it is remarkable that the membranous por- 
tion of the septum grows gradually wider as it approaches 
the infundibulum, and that the nervous filaments which 
supply it, pass across it at regular intervals, successively 
increasing in length as it increases in width ; and pre- 
senting in this respect, a striking resembhince to the 
series of strings in a harp. Upon such analogies as these, 
however, little dependence is to be placed ; they are use- 
ful as stimulants to curiosity, but often very fallacious 
guides of research. 



CHAPTER ni. 

OF THE THOBAX. 

166. The thorax or chest is a sort of osseous ca^e, 
composed of bones and cartilages, and connected with 
the middle region of the spine. It is the largest of the 
three great cavities of the skeleton ; and it ia totTs^^s^V^ 
the sternum in front, by the dotsBl -^etWot^ \i^feMA^ ^nc^ 
by twelve ribs and twelve coataX Cr«uT\K\a.%^% oxl «w3o. ^^^^ 

X.2 
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The dorsal vertebrffl having been already examined, it re- 
mains for na in this section to consider the sternum, riba, 
and costal cartilages, and to take a general review of the 
entire cavity. 

OF TEE STBENTTM. 

167. The atomuni ia a flattened column, consistingof 
five bones, and an osseo-cartilaginons appendage. The 
uppermost of the five bones remains separate during the 
whole term of life ; the other four unite with each other 
STicoessively, and at the age of 25 form but a single piece ; 
the oBseo-oartilaginons appendix remains flesible at its 
joint with the bone to a late age ; bo that, in the adnlt, 
the Btemum consists o£ three portions. Each of these, 
after a few preliminary observations, we shall describe 
separately ; reserving for the seqnel onr review of the 
st«rni)m in general. The sternal column is situated in 
the median line of the body, at the anterior part of tlie 
chest. In its fonn it remmds one of an ancient sword, 
the upper niece resembling the handle, and being couse- 
qnently called the ™iwi'M6Hum; the middle representing 
tne principal ^Mrtion of the blade, and hence ciJled the 
gladiolus; while the osaeo-cartilaginous portion (thontth. 
it presents many variations of form in different individu^) 
frequently comes to a sharp point, like the tip of the 
Bword, and consequently takes the name of the eneifom, 
or xiphoid appendix. 

168. MjUJUT BRICK. This is a short, flat bone, of a some- 
wtat triangular form, with its base, which is the tlickest 
part, directed upward, and its apex, which is truncated, 
pointing downward. It presents for examination two 
mrfacee and four borders. 

169. SoBTACBS. Anterior. Directed forward and up- 
ward, concave from above downward, convex from side to 
aide, and wider above than below. It gives origin to the 
aponeurosis of two muscles." Foeterior. Directed back- 
ward and downward, smooth, concave in the vertical, and 
plane in the transverse direction. It also attaches two 
muBcles.f 

* Stomo-cleido-maHtoideQs, atid porlio deprirtiena of tfae poato- 
rslia major. (For an scoiunt of tbe phyaiologii^al diatinction 
implied ia the klt«r name, ste the imthopB " Physioli^cal Obaar- 
vaUoDB OD 8uvi>ral Muscles ot the Upper Extremity." Phil. Hag. 
Jang, 1886.) \ &t(siiiO-hyoid and aterna-thyoid. 
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170. BoBDEBS. Upper, The longest and mncli the 
thickest of the fonr. It presents on each side an oval 
articolar surface, directed npward, backward, and out- 
ward, concave from side to side, convex from before back- 
ward, and designed for articulation with the clavicle. 
Between these two surfaces there is a curved non-articular 
depression, called the interclojvicular notch, Low&r. This 
border is thick but short, it presents an oval rough sur- 
face, which is connected to the upper border of the 
gladiolus by the kind of joint callea cmiphiarthrosis, or 
mixed articulation. (See Table of the Joints, p. 8.) The 
anchylosis of this joint which frequentlv comes on in old 
age, results from the deposition of a thin osseous layer 
externally ; the cartilage almost always remains fibrous 
and flexible in the middle. Lateral. These borders slope 
from aboye downward and inward ; present, superiorly, a 
concave surface into which the fibres of the first costal 
cartilage are inserted ; below this a thick curved edge ; 
and below this again, just at the angle where the lateral 
joins the inferior border, a little concave articular facet, 
which, with another similar facet formed at the upper 
comer of the second sternal bone, forms a notch for the 
reception of the second costal cartilage. The manubrium 
therefore articulates, on each side, with the clavicle, with 
the first costal cartilage, and with the upper half of the 
second, 

171. Gladiolus. This portion of the sternum is longer, 
narrower, and thinner than the manubrium, on which, in 
youth and middle age, it is slightly moveable. It is wider 
oelow than above, and presents for examination two sv/r- 
fa-ces and four borders. 

172. SuBJACES. Anterior. Directed forward and up- 
ward, and marked with three transverse ridges, which 
indicate the junction of the four bones of which this por- 
tion of the sternum originally consisted. The suiiace 
that lies between any two of these ridges is concave from 
above downward, and plane, or very sUghtly convex from 
side to side. At the junction of the third and fourth 
piece of the gladiolus, there sometimes appears the orifice 
of a hole called the sternal foramen, which passes through 
the bone from before backwards. This hole is very 
variable in size, sometimes open, but usually closed by a 
membraniform cartilage. . Tne anterior surmce is covox^^^ 
by the skin, and by a muscular apoii^\vxo^'y& \c^ ^^t^Oa ^-^ 
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gives inaertion.* Pnstei'ior. Slightly concare both 
side to Hide, and ftom above downward. It is marked by 
transverBe ridges, oorrespondiiig in poaition to those of 
the anterior surroce, but less prominent. It gives attach- 
ment to a pair of muacIeB,t and sometimes presents at its 
lower part the posterior orifice of the sternal foramen. 

173. BOKDERs. Upper. Short, thick, and connected by 
a fibrtj-cartilaginons or amphiarthrodial joint with tho 
lower border of the manvibrium. Loii'er. Short, and 
articnlated by amphiarthraeis with the ensiform appendix. 
Lateral. These borders are by for the longest. Each 
presents, just where it joins the opper border, a little 
tacet, which combines with the similar facet of the raann- 
brimn, to form a cavity for the cartilage of the second 
rib. This facet is succeeded by a series of shallow cavities 
for the third, fourth, fifth, and sixth costal cartilages ; 
and quite at its lower end, where it joins the inferior 
border, this border presents a little facet which, with a 
corresponding one on the ensiforra appendix, forma a 
notch for the reception of the seventh costal cartilage. 
So thatthe gladiolus articnlates with the third, fourth.fiiUi, 
and sixth costal cartilages, and with part of the second 
and seventh. These cavities are separated b; intervals, 
which diminish in length from above downward — tho 
cavities for the second and third costal cartilages bein^ 
an inch from each other ; those for the fifth and sixth 
ribs abont half an inch apart, while those for the sixth 
and seventh are a quarter, sometimes not more thaa 
an eighth of an inch apart, and in many instances 
qnite contiguous. These intervals, which are curved, bo 
as to present the appearances of semilnnar notches, cor- 
respond to the intercostal spaces. It will be observed, 
that each horizontal transverse tine corresponds to a pair 
of tho articular depressions, ertending from the middle of 
one to the corresponding point on the opposite side. Baoh . 
articular depression is therefore formed between two of 
the pieces of which the sternal column originally consiets. 
This is one of those points of analogy between the sternal 
and vertebral columns which we shall have occasion 
to notice more particularly in our genera! review of the 
skeli'ton. 

174. Ensipohm or Xipeoed Apfebdix. This process ia 

najor. (So* 
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cartilaginous in yontli, bnt generally more or less ossified 
at its npper part in the adnlt. It is continuous above 
with the lower extremity of the gladiolus, helow with a 
strong white aponeurotic ligament,* which descends 
along the middle of the anterior wall of the abdominal 
cavity, and is inserted below into the pubes. The ensi- 
form appendix presents many varieties of size, form, and 
direction. It may be long or short, curved or straight, 
simple or bifurcated, situated vertically in the me£an 
plane, or deflected to one side. It sometimes presents a 
hole, and is occasionally altogether deficient. It gives 
attachment by its anterior surface to a ligament,t by its 
posterior surface to some muscular fibres,J and by its 
kktend borders to strong aponeuroses. § On each side of 
the border by which it joins the gladiolus, it presents a 
&cet that completes the notch for the seventh costal 
cartilage. 

175. The sternal column, viewed as a whole, is a wide 
flat symmetrical bone, forming a sort of buckler to the 
organs contained in the chest. It has a slight general 
convexity in front, and concavity behind. In the natural 
position, its anterior surface looks forward and upwardji 
and its posterior surface in the opposite direction. Its 
lateral borders are sinuous, eacn presenting seven 
articular and six inter-articular depressions. The surface 
of the flrst articular cavity is generally continuous with 
the fibres of the first costal cartilage : the other six 
cavities form diarthrodial joints with the cartilages 
which they respectively receive. The sternum is shorter, 
and more obliquely placed in the female than in the 
male. 

176. Stetjctubb, Very spongy and cellular within, 
well supplied with blood-vessels, and covered externally 
with a layer of compact tissue. 

Development. Tne number and position of the os9ific 
points of this bone are exceedingly irregular. The manu- 
brium is developed, sometimes by one central, sometimes 
by two lateral points ; and in a few rare instances even 
by three or four points. The gladiolus is developed in 
four pieces, each having sometimes one central, sometimes 
two lateral ossific pomts. The appendix ossifies by one 

• Lineaalba. f Costo-xiphoid* 

X Of the diaphragm and triangnlBix^^ %\atuu 
i Of the abdoimna\'m:QAfi\»i^ 



or two points situated at ita upper part. 
With tbe two cla,vicles, and with saven 
cartilageii. 



177. The ribs, with their cartilagea, are elastic area, 
eneompasaing the cavity of the thorai, which they prin- 
cipally contribute to rorm. They are twenty-fonr in 
numher, being situated in pairs, twelve on each aide of 
the cheat,* They are distinguished by numerical appel- 
lations; Ist, 2nd. 3rd, £c., counting from above down- 
ward. They are divided into three classes, which differ 
as to the connexions of their extremities, and are best 
distinguished b; names expressive of this difference. The 
seven upper riba on each side are articulated with the 
vertebral column behind, with the sternal column in 
front. These are, therefore, called the vertebro-stemai 
ribs. The three aucoeeding ribs on each side — viz., the 
8th. 9th, and 10th. are articulated with the vertebral 
column behind ; but falling short of the aternum in 
front, they attach their anterior extremitiea, each to the 
cartilage of the rib above. These are, consequently, de- 
nominated vertebro-r.ostal riba. The two remaining riba 
on each side — viz., the 11th and 12th, are articulated to 
the vertebral ooluma behind ; but their anterior eitremi- 
ties float loose among the muscles. These, therefore, are 
simply vertebral ribs. The first class are commonly called 
the true, and the Srd class the /raise, or floating ribs. But 
the t«mi false is also applied to the 3nd class ; which 
have hitherto had no pai-ticular appellation. To obviate 
the indistinctness arising from this circumstance, I have 
given them a name derived, like the denominations of the 
other classes, from the relations of their eitremities. The 
several ribs in each of these three classes present further 
varieties of lenglb, shape, direction, and articulation, 
But before entering upon these particulars, we shall 
describe certain characteristics which are liable to so few 
individual eicoptions, that they may be considered as be- 
longing to the ribs in general. 

• A Bupemumerary rib is son: 
conuolioa with the tnuiavurse 
or of the first lumbu- vertsbni. More rart^ly, Ihi: I 
side ia deficient in front, loaiog itself like tbe floating ribs, in tho 
gubetAaoe ol tbe mosdes. 
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COMMON CHARACTEBS OF THE BIBS. 

178. As an example in wluch to study these general 
characters, the student should take a rib m>m the middle 
of the series ; for instance, the fifth or sixth, and place it 
on the table with its lower edge (which is distinguished 
by its sharpness) downward. Each rib presents for sepa- 
rate examination a head, a neck, and a tody or shaft. 

179. Head. This is a flattened articular tubercle, in 
which the rib terminates behind. It presents a hori- 
zontal ridge, separating two articular facets. These 
facets, of which the inferior is the larger, articulate with 
the costal cavity formed by the bodies of two dorsal ver- 
tebras ; the ridge corresponding to the intervertebral fibro- 
cartilage, and gives attachment to a ligament* The head 
is joined to the body by the NECK.f This name is given to 
a portion of the bone, about an inch long, which rests upon 
the transverse process of the lower of the two vertebrsB 
with which the head is articulated, and gives aUachment 
below to a ligament. J Body or Shaft. This is the remain- 
ing portion of the rib. It is flat and thin, so as to present 
twe fiurfaces and two borders ; and curved, so as to be 
convex externally and concave within. Its outer sv/rfa/M 
presents, just where it joins the neck, an eminence called 
the tuberosity of the rib. This eminence is divided into 
two parts; an articular portion, which is internal and 
inferior to the others, looks downward, backward, and 
inward, and unites with the articular surface that occurs 
on the transverse process of the dorsal vertebra below 
it — non-a/rticula/r portion, which is rough, and gives 
attachment to a li^ament.§ At a little distance, in &ont 
of the tuberosity, flie outer surface of the shaft presents 
a prominent Ime, which passes from the upper edge 
obliquely downward and forward to the bone. It is called 



* Inter-articular. 

t Omveilhier, Oloqnet, and many other anatomists, describe the 
neck as a contracted portion of the rib. This statement requires 
some modification^ I think, to render it correct as a general descrm- 
tion. The neck, mdeed, is almost always thinner than the shaft ; 
but except in the two or three upper ribs, it usually exceeds the 
adjacent portion of the shaft in width, presenting a convex ridge, 
which has all the appearance of a buttress, and is doubtless 
intended to strengthen this portion of the bone in the verticaL 
direction. 

t Middle costo-transvene. ^ Poito^not tw{tfy-\s»asaB'<««»' 
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the angle of the rib, and gives attachment to rnuscnlar 
fibres.* The portion of the bone behind the angle is the 
thickeat and Btrongest part of the rib ; it is more aliruptly 
carved than the anterior portion ; bo much bo, indeed, as 
to give the articular surface of the head a direction 
forward, as well as inward. The rib ie bent in. two 
directions at its an^le. Look at it from above downward, 
and you see that the posterior extremity is bent suddenly 
inward here, ao as to form with the anterior portion as 
obtuse angle, apex oiiiward. Again, press the lower 
edge of the rib upon the table, and joo observe that it 
lies parallel with the surface from the anterior end to 
the angle, but that the part behind the angle is tilted 
up BO as to form, with the anterior portion, an obtuse 
angle, apei downward. Between the angle and the 
tuberosity is an uneven surface for the attachment of 
muscular fibres.f The distance between the angles and 
the tuberosity gradnally increases, and this surface conse- 
quently becomes more extensive from the first to the 
tenth rib. In front of the angle the outer surface is 
smooth i and here, also, it gives attachment to muBcles. 
In addition to the changes of direction that have been 
already mentioned, the rib is twisted a httle upon its own 
asis, so that behind the angle the outer surface looks a 
little downward ; in front of the angle a little upward. 
The outer surface presents near the anterior estremiij 
a slightly marked oblique line, sometimes called the 
anferioT angle. Like the posterior angle, it gives attach- 
. ment te muscular fibres. The inner varface of a rib 
presents the oriQce of many little canals which transmit 
nutrient vessels ino the cancellous tissue.J It is smooth, 

• For the namoB of the mnflclee atlftched to tUe riba see note •, 
pegB 140. 

t See cole *, page 140. 

t I have obsKrvod the followlne cnriouB circnmstajice with 
regard to the course of these caTials, In tbe abaft they mu, with 
sctu-cel; a BiDgle eioeption, toward the poalerior extremity of the 
lib. In the aeighbourhood of the tuboroeity, and {rem thence to 
the posterior extremity of the bone, no such imif onnity of diroo- 
tion is observed. Some of the vessels plunge perpendicularly into 
the bone; some run obliqnely forward ; some badcward ! others 
in various intermediate directions. 1 have placed in the museiim 
of King's College some preparations illustmtive of this structure. 
Of its purpose and meaning I have no explanation to offer. Why 
do the nutrient arterieB of the abaft run unifonnly backward, wbUa 
tia iatervoaiti arteiy, from which they are derived, piDceeds in ths 
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and looks a little upward at and behind the angle, a 
little downward in front of that point. The upper edge 
of a rib is rounded and blunt, and gives attacJiment to 
muscles. The lower edge is sharp and thm ; it forms the 
outer lip of a groove, which commences at the tuberosity, 
and runs toward the anterior extremity of the rib. This 
groove is widest and deepest at the angle ; it becomes 
shallower, and belongs more to the inner surface, as it 
advances beyond that point, and generally disappears at 
the junction of the anterior and middle thirds of the 
bone. It lodges vessels and nerves,'^ and by each of its 
lips gives attachment to a layer of muscular fibres.f 

The anterior extremity of the shaft presents a porous, 
oval, concave surface, for the reception of the costal 
cartilage with which it is intimately connected. The 
posterior exi/remity of the shaft is continuous with the 
neck. 

180. Structure. The ribs, which, as to their form 
come under the denomination of mixed bones, (3) in 
structure resemble the cuboid or short bones, consisting 
of a quantity of reticular tissue, enclosed in a thin compact 
layer. This outer layer generally presents a laminated 
appearance, as if it were composed of little scales over- 
lapping each other. Development. By three points; 
one for the body, one for the head, and three for the 
tuberosity. The two latter parts are developed as separate 
epiphyses, which remain detached up to the age of 
twenty, or even twenty-five years. 

There are several ribs which present deviations from 
the general characteristics that have just been given, 
These, with certain gradations in size, curvature, and 
direction, come next to be described aa 

THE DIFFERENTIAL CHARACTERS OP THE RIBS. 

181. The ribs increase in leoigth, from the first to the 
seventh inclusive, and again diminish from the seventh 
to the last. The curvatures of the ribs become segments 



opposite direction ? And again, what are tbe causes which give 
nse to so striking a contrast in this respect, between the shaft on 
the one hand, and the head, neck, and tuberosity, on the other; 
Tendering unnecessary, in the latter, conditions which, from ths^ 
constancy, we may infer to be essential tA Ui& \»>Ttcvi5c*l 
• ntercostal. \ liitAXQO%\a2l<&%N3i\Kroa.%sA««iv«cBa., 



1*0 DIFFERENTIAL CHARACTERS OF THE RIBS. H 

of larger cirolea, as we proceed from the first downward. 
This increase ia most remarkaibls in the five or six upper 
riba. The first is nearly horizontal; the others become 
Bucoessivelr more and more inclined on the vertebral 
Doliunn. The ribs differ also as to the muscles to which 
they give origin and insertion.* The first, second, tenth, 
eleventh, and twelfth arc further diatingnishable by the 
following peculiarities. 

182. First rib. A short, stont rib, almost horizontal 
when in the natnral position, and very abruptly curved. 
Ta this rib the sttir/tKes loot upward and downward, and 
are flat; while the edijea look inward, outward, and are 
curved ; in the other ribs it ie just the reverse. The head 
of thia rib ia ronnd, and presents onl;^ a sincle 
articular aarfaoe, to correspond with the entire articimr 
TOrface on the body of the first dorsal vertebra. (19) Its 
neck is slender and rounded, its tuherosily very prominent, 
and placed on the outer border. It has no a/agln, and ia 
not twisted on its axis ; so that when laid on a table, it 
touches the level surface ia ita whole length. Its anterior 



• The following mnaoIeB 



LangiasiniuB darsl into eilerior surfnce of all between angle ai 
tnberoaily. SoalenQB unticBB Into tubercle and ridge which aepa- 
nta two qtmllow groovee on upper surfaca of first near the middle 
of ita length. Scatenaa posticus into that part of flret which lies 
between eubclavius groovo and tuberusity, and also into npper 
border of second. Berratus poslerius superior into upper border 
of second, third, fourth, and fifth, near aogle. Serratna posticna 
inferior into lower boiijer of four last ribs, near angle. Diaphragm 
transversalis abdominis into inner eurfacee of seven lowest, close 
bo cartilages. A few librea of rectus, sometimes into fiith rih, cloao 
to oartil^s. 

The following muscles late origin from the ribs : — Intercoatelea 

'-'imi and eitarni from the two lipa of the groove of each ribi 

ept the last. Locgus colli from head of first Berratns me-g- 

. (pom eilerior snrteuB of nine upper. Cervii'al' ■* 



e upper. Cerviralis a 
from four or five upper between angle and tuberoBity. Aeceasorius 
npper edge of five or six uppor. Pectoralis minor from 
rior sarface of third, fourth, and Hlth. Obliqaus intemos abdo- 
a from oiterior sarface of nine lowest near anterior ejtremity. 
w fibres of aubeUvins somptimes from upper surfece of first, 
ita cartilage. A few fibres of porlio dcpriamna of ppctoralis 
- . , .<r sometimes from exterior aurface of fifth or aiith near car- 
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extrendiy is larger and tUcker tlian tliat of any otlier rib, 
and often ^ves insertion above to a mnscle.* The outer 
border is tnick, rounded, and convex. Its inner border 
thin and concave. Its lower sv/rface is smooth, slightly 
convex, and destitute of a groove. Its tipper surface 
presents, close to the inner border, and at the junction of 
the anterior with the middle third of the bone, a tubercle; 
and running from this tubercle forward and outward to 
the anterior border of the bone, a slight ridge. The 
tubercle and ridge give attachment to a mu8cle,t and 
separate two shallow grooves; of which the anterior 
transmits a large v^A the posterior a large arteiy.J 

183. Second kib. Has a hardly perceptible angle, and 
no twist on its axis ; so that, Hke the former, it touches, 
with both ends at once, any plane surface on which it 
may be laid. The outer surface, though not horizontal 
like that of the first rib, looks a good deal upward ; and 
presents near the middle a roagh eminence, which gives 
attachment to part of a large muscle.§ Its inner surface, 
which is directed more downward than that of the ribs in 
general, presents near the tuberosity that groove which 
IS generally found on the lower edge of a rib. Besides 
this difference in position, the groove of the second rib is 
very short. 

184. Tenth rib. The Jiead presents only a single arti- 
culating surface, to correspond with the single articular 
cavity on the body of the tenth dorsal. 

185. Eleventh and twelfth bibs. In these ribs the 
head is large, but has only a single articular surface, and 
the anterior extremity is attenuated. They are not con- 
nected with the transverse processes of their respective 
vertebrae, and are consequently destitute of tuberosity 
and neck. The eleventh has a very slight angle situated 
far forward, and a short indistinct groove: but in the 
twelfth, angle and groove are alike imperceptible. These 
points, with the superior length of the eleventh, are the 
only marks of distinction between the two vertebral or 
floating ribs. The ossification of these ribs proceeds from 
a single point : whereas the other ribs are developed by 
three. 

186. Of the costal ca&tilages. These are white elastic 



• The subclaviuB. ^ IVi^ «c»\.«ti;»& vssSass^^. 

t The flubclavian. % 'l^'^ «ftr».\»& xowgow^ 



ia COSTAL CAETILAOES. 

Bn^stances, coirespondins in number,* generaJ form, and 
Bituation to the ritis, of which they form the anterior pro- 
longationB. Their width, and ths intervals by which they 
are separated, diminish gradnally trom the first to the 
last. Each cartilage, moreover, diminishea in width from, 
its outer to its inner extremity ; except the first aii4i| 
second, which are of equal width in their whole ertenl^ 
and the sixth, seventh, and eighth, which are considerably ' 
enlarfred where their edges come into contact. Their 
length increases from the first to the seventh ; and 
diminishes from the seventh to the last. The seven 
upper cartilages are connected bj their inner extremities 
with the sternum. The three succeeding cartilages are 
connected, each with the lower border of the cartilage 
immediately above it ; while the two last, which are short 
and pointed, float, unconnected and free, in the nmscular 
parietes of the abdomen. With regard to the direction 
of the costal oartilageB, it may be observed that the first 
descends slightly from the rib to the stermiin, while the 
second is nearly horizontal, and the third ascends a little 
to its sternal insertion. The four remaining cartilages of 
the Tertebro-stemal ribs, and all those of the vertebro- 
costal ribs, follow for a few lines the direction of the ribs 
to which they respectively belong, and then forming a 
curve, ascend to their insertion in the sternum, or in the 
preceding cartilage. The abruptness of this ascent in- 
oreases from above downwards. The two last cartilages, 
which are gnite rudimentary, follow the direction of the 
vertebral nbs to which they are attached. 

The anterior surface of each costal cartilage is directed 
forward, and a little upward and outward ; and is slightly 
arched or convex. The poeterior surface haa an opposite 
direction, and is concave. Of the borders, which corre- 
spond t» the intercostal spaces, the upper is concave, and 
the lower convex. The contiguous borders of the sixth, 
seventh, eighth, ninth, and tenth costal cartilages present 
smooth oblong surfaces at the places where they articu- 
late ; at whicn parts they are also somewhat enlarged. 
The outer extremity of each cartilage is continuouB with 

• RometimBB thore Is a Buperaunierarj cartilnpe prnjeefiEg from 
the side o! tho slemum, not connected wild Buy rib, but lermi- 
nSitlng gradually in the BubBlance of the muscles. Wlrnn thig 
rudimenlary carUlEga oooutb, it is UBOHlIy forroed belweeii tbc third 
aadloaiih rib. 
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the osseous tissue of tlie rib to wHcli it belongs. The 
mner extremity of the first is continuous with the osseous 
tissue of the sternum; but the inner extremities of the 
six next are furnished with convex articular surfaces, 
which play in the corresponding cavities on the borders 
of the sternum ; in the vertebro-costal ribs, (the eighth, 
ninth, and tenth of the series,) this extremity is pointed, 
and lies in contact with the lower edge of the cartilage 
above ; in the two vertebral or floating ribs (the eleventh 
and twelfth,) it is pointed and free. The costal cartilages 
(which are the largest and strongest cartilages in the 
body) give origin and insertion to numerous muscles.* 

OF THE THOEAX IN GENERAL. 

187. The thorax in shape resembles a cone, truncated 
at the apex, which is situated above, flattened before and 
behind, and cut ofP somewhat obliquely at the base. The 
axis of the cone is not vertical, but inclined from above 
downward and a little forward. The thorax is of a sym- 
metrical iorm^ and presents for examination an exterior 
and an interior surface, an upper and a lower aperture, 
and a cavity, 

188. Surfaces. Exterior, Divided into an am,terior, a 
posterior, and two lateral aspects. The a/nterior aspect is 
vncli/ned from above forward and downward, so that its 
direction is forward and upward. It presents in the 
middle the anterior surface of the sternum and ensiform 
appendix, and on each side of this the sterno- costal car- 
tuages, increasing in length and curvature from above 
downward, and separated from each other by intervals, 
which diminish in width from above downward, and 
are closed in the recent state by a series of thin flat 



* Tbe following mnscles take origin from the costal cartilages : 
Subclavins from upper border of first. Stemo-hyoid from posterior 
surface of first, otemo-thyroid from posterior surface of second. 
Intercostales intemi from lower border of all except last Portio 
deprimens of pectoralis major from anterior surface of second, third, 
fourth, fifth, and sixth. Kectus abdominis from fifth, sixth, and 
seventh. Diaphragm transversalis abdominis from inner surface of 
seventh border. 

The following muscles are inserted into the costal cartilages : — 
Intercostales intemi into the upper border of all but the firsL 
Obliquus intemus abdominis into interior border of seven, lo^^*^.. 
Triangularis stemi into posterior B^udOiAe ol \>Ka^VwaS>^^'via.^'a5^^ 
sixth. 
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muscles.* Its posterusr aspect ia convBi frciin above 
downward, alternately conTex and cflncave from aide to 
side. It presentB in the middle the posterior eurfarCe of 
the dorsal region of the spine, with its vertebral groovet, 
separated by the row of imbrioateJ spiJiauB procegses, 
limited ertecnallj by the series of etrong clubbed irwng- 
usi'BB processes, and presenting intermediately the ranges 
of artienlar 'promsBes. Beyond the tranaverse processea 
appear the outer aur&oes of the ribs, which are here very 
convei, presenting the row of tuberosities, and further out- 
ward the arnrilee of the ribs. These latter form on each side 
an oblique hue, interrupted by the intercostal spaces, aud 
running from above downward and outward. The latertd 
aepecis of the thorax are more coavex than the others, 
and directed outward in the middle, outward aud a httle 
upward above, outward and a httle downward below. 
Here are seen the smooth external surfaces of the ribs 
running frora behind obhquely downward and forward, 
and separated by the intercostal spaces — a series of 
intervals which are shorter and broader above and below 
than in the middle of the thorax, broader also at its 
posterior than at its anterior part, and closed in the 
recent state by two layers of muscular fibres.+ The lateral 
aspects present, moreover, at thetr lower part the cartilages 
of theTertebro-coBtal,andot the vertebm or floating ribs; 
the former united with each other, the latter free. The 
exterior surface gives attachment to numerous muscles. 
Interior. Divid^ liie the exterior surface into four 
aspects. The anterior aspect is directed downward and 
backward, aud presents the posterior surface of the 
Btomum, of the ensiform appendix, and of the stemo- 
oostal cartilages. The posterior aspect presents in the 
centre the bodies of the dorsal vertebrte, which project 
into the cavity of the thorax, forming a sort of curved 
ridge, concave from above downward, convex from side to 
side ; on each side of these appear the heads of the ribs, 
directed and received into the cavities formed by the 
junction of the f aceta on the bodies of the dorsal vertebrra 
— then come the wecfes (the two or three uppermost con- 
tracted, the rest wider — more or less — than the shafts), 
and then the bodies of the ribs, each with its smooth and 
e interior surface, aud its grooved inferior margin. 
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The ribs, prqjectmg backward on eacb side of tbe spine, 
and then cnrving rather suddenly forward, form two 
elongated cavities resembling large grooves, narrow above, 
wide below, deepest in the middle. The lateral aspects 
are concave, and present, like the last described, the 
smooth inner surface, and grooved lower borders, of the 
ribs, with the intercostal spaces between. 

189. Apertuees. Superior. Smaller than the inferior, 
of an ovoid form, witn the long diameter transverse, 
inclined from behind forward and downward, so that its 
axis is directed from below forward and upward. It is 
formed in front by the upper border of the sternum, on 
each side by the inner edge of the first rib, and behind by 
the body or the first dorsal vertebra, which projects for- 
ward so as to destroy the regularity of the oval, and render 
it somewhat heart-shaped. It is traversed by several 
important organs,* audits circumference gives attachment 
in front and behind to several muscles.f Inferior, Very 
large, and like the upper, transversely ovoid. Its circum- 
ference is irregular, presenting alternate notches and 
projections, fi is bounded in front by the ensiform 
appendix, on each side of which is a convex margin, 
formed by the united lower borders of the cartilages of 
the vertebro-costal ribs. 'Next to these appear the tips 
of the floating ribs, with the interval between them ; then 
.the lower margin of the last rib, which runs backward, 
inward and upward ; and lastly, the body of the lowest 
dorsal vertebra. We have, therefore, ih front, a deep 
notch divided into two by the ensiform appendix, laterally, 
two curved eminences formed by the costal cartilages, 
and behind, two notches formed, one on each side, between 
the lower margin of the last rib and the spine. The 
axis of this aperture is directed downward and forward ; 
it is closed, m the recent state, by a large muscle,;J; and 
transmits several important organs.§ 

190. Cavity op the Thorax, The shape of this cavity 
may be inferred from the description of the frame- work 
by which it is enclosed. (187-8) It is chiefly occupied 
by the central organs of respiration and circulation; but 



* Traobea and oosoDhagus ; subclavian and carotid vessels; 
vagus, sympathetic, and otner nerves, 
t Stemo-hyoid, and stemo-thyroid in front; kmgi colli behind. 
X Diaphragm. 
§ (Esopha^^ aorta, vena cava, Eyia^\2kiek'^'^&»r^^^^ 
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at itfl lower part it protects a portion of tte abdomi 
■viscera. This is permitted by tke arched form of a' 
horiEontal muBealar partition (called the diaphragm,), 
which, in the recent Bubject, separates the thoracic from 
the abdominal cavity. The relative size of the supra and 
infra-diaphragmatic divisions of the thoras vanes with, 
the alternate rise and fall of the diaphragm ia respiration. 
The form and dimensions of the thorai differ, moreover, 
in the opposite sexes, an.d in the same indjvidnal at dif- 
ferent periods of life. It ia wider and shorter in the 
female than in the male. In the adult its transverse 
diameters exceed those which are meaaared from the 
anterior to the posterior wall. In the fcetus, on the 
contrary, its antero-posterior exceed its transverse 
diameters. At birth, when respiration commences, it 
eiperiences a sudden increase of size; and its develop- 
ment undergoes a remarkable temporary acceleration at 
the period of adolescence. The capacity of the thorax 
indicates the volume of the tnngs, which usually bears a 
direct proportion to the development of the muscular 
BTstem, and the general vigour of the body. An expanded 
cheat is the sign of sound health; a narrow contracted 
chest, with a prominent atemum, indicates an inherent 
weakness of constitution, and is frequently accompanied 
by a consumptive tendency. Besides these congenital 
diversities in the shape of the thorax, the student will 
meet, in the dissecting-room, with others which are pro- 
duced by artificial means during life. For an example of 
these we miiv refer to the distortion which is caused by 
wearing a tight bandage round the middle region of the 
body. This practice, which reduces the expanded lower 
circumference of the chest to two-thirda of its natural 
size, and impaira, to a dangeroua extent, the functions of 
digestion and respiration, prevails among the females of 
several European natioua ; who prefer an abrupt indenta- 
tion of this part of the body to the flowing curve of its 
natural outline. So highly, indeed, ia ttiia unsightly 
deformity esteemed, that the thorax ia often subjected to 
compression at an early age, before the bones are firmly 
kait, in order the more effectually to force in the lower 
ribs upon the abdominal viscera. 

From birth to adult age the cavity of the thorax under- 
goes, during every respiration, an alternate increase and 
diminution of capacity, owing partly to the rise and fall 
of its ionscular floor, partly to certain motions of its 
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bones and cartilages, whicli we shall presently proceed to 
explain. In old age the cartilages of the thorax ossify, 
its joints grow rigid, its different pieces become gradually 
less and less movable on each other, and respiration is at 
last performed almost entirely by the action of the dia- 
phragm. 

191. Mechanism op the Thobax. The principal office 
of the thorax is to contain and protect the lungs, and to 
pump air alternately into and out of their cells ; the 
midme region of its cavity is occupied by the heart ; and 
by its outer surface it affords attachment, and a firm 
centre of action, to the arms, and to numerous muscles. 
Each of these three functions reouires, for its due per- 
formance, the fulfilment of a different condition. The 
first involves the incessant motion of the walls of the 
thorax, and the alternate fall and reascent of its fioor 
through a considerable space. The second, on the 
contrary, requires that the floor, so far as it serves to 
support the neart (the pulsation of which is disturbed by 
any considerable change of its relative position), should 
descend very little during inspiration. The third requires 
that the elastic, movable hoops of the thorax should be 
capable of suddenly assuming the qualities and condition 
of a rigid, jointless framework. 

Without entering at length into the physiology of the 
diaphragm, which forms the floor of the chest, we may 
observe that its central part, which supports the heart, is 
a flat, tendinous expansion ; while the lateral portions, 
which sustain the lungs, are composed of curved muscular 
fibres. By the contraction of the anterior and posterior 
portions of the muscle the central aponeurotic tendon is 
rendered tense, so as to become a fixed centre for the 
action of the lateral fibres ; but being flat, and connected 
by short muscular fibres to the xiphoid appendix, it de- 
scends but little. The lateral muscular fibres, on the 
contrary, are very long, and arch upward into the cavity 
of the thorax, reaching at their highest point the level of 
the fifth rib. Each lateral muscular vault, in contracting, 
tends to bring the whole length of its curved fibres into 
the same plane ; this can only happen by a considerable 
descent of its highest point ; which descent involves the 
vertical dilatation of the lateral portion of the thoracic 
cavity. Such is the twofold structure, and functiorL^ c*^ 
the muBculo-aponeurotic floor oi tlaa \)!W3t«u5.. "^ ^ \iaN^ 
next to consider the mechanism, oi \\» oa&^sy-^^KJ^^i^a'e^^^'^^ 
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walls, and to aaeertain, in the first place, by what n 
of motioaa they alternatelj dilate aad contract the caviW 
of the chest ; and secondly, how this movable frameworfe 
ia enabled suddenly to assume a, temporary rigidity, eo aa 
to furuiBh the upper extremities, and the muscles nhjch 
are attached to its surface, with a fised, unyielding centre 
of action. 

If we eramine, in a skeleton, the hoop formed by a pair 
of true ribs and costal cartilages, we shall find that it is 
incUned in two senses : 1st, the entire hoop is inclined 
downward aud forward, from its spinal to its sternal 
attachment, so that il^ anterior is lower than its posterior 
portion ; Sndly, each lateral segment of the hoop is in~ 
clined downward and outward from the median plane of 
the body, so that the middle of the shaft of each rib is 
below the middle of a straight line connecting its ei- 
tremitiea. To bring a rib, thua inclined, into a horizontal 
position, two things would be necessary ; first, its anterior 
extremity must be raised to a level with its posterior ex- 
tremity ; and then its middle portion must be raised to a 
level with its ends. It is evident that the former of these 
actions would aa.rcy forward the anterior extremity of tLe 
rib and the sternum ; thereby increasing the antero-post«- 
rior diameter of the chest ; and that the latter would canrf 
outuiard the middle of the rib, thereby increasing the trans- 
Terse diameter of the chest ; so that, performed together, 
they would dilate the cavity in both directions at once. 
Now, each rib is provided with muscles, by which ite inclina- 
tion with regard to the spine, and its incbnation with regard 
to the median plane, are simultaneously diminished, all 
its parts being brought nearer to the horizontal plane in 
which its posterior extremity is situated. When we add 
that these muscles act during inapiration, and that their 
anta^onista restore the ribs and sternum to their former 
position during expiration, the alternate dilatation and 
contraction of the walls of the thorai are sufficiently ex- 
plained;* and we may proceed to consider, in the laet 



• 01 IhB numerous conflicting theories which have been pro- 
poaad. in expUnatiou of the reBpiratory motions of the thorax, 
several are aX variance with plain iaDte, and may be satiafaotorilj 
refuted bj' direct obSBTVation. Such is the doctrine ol the imnin- 
bilitj of the flret rib, originally advaoced by Haller 






MECHANISM OF THE THORAX. 149 

place, tlie conditions of rigidity, and the mechanical pro- 
visions by which it is attained. 

And here we may observe that the condition of mo- 
bility, being in constant requisition day and night, is 
therefore the natural or spontaneous condition of the 
thorax ; whereas the condition of rigidity, being only re- 
quired when certain particular muscles are put into un- 
iosiLally strong action, is a temporary condition, produced 




prevalent opinions which are not so easily brought to the test of 
experiment ; as for instance, that which is maintained by Cruveil- 
hier in the following passage : — 

** Le sternum n'^prouve pas dans son ascension un mouvement 
de bascule, comme le pense Haller ; mais il est port^ en haut par 
nn mouvement de totahtd, en con servant sa direction primitive, ainsi 
que Borelli Tavait tr^s-bien indiqu^." 

Now, I think that, whether with Haller we consider the first 
rib to be fixed, or with Cruveilhier admit its mobility, a few very 
simple considerations will be sufficient to prove 
that it is absolutely impossible for the sternum to fi^ 

"ijreserve its original direction" during the re- 
spiratory motion of the thorax, as Cruveilhier in fiO* !• 
tois passage contends. 

Let a h fig. 1 represefit the spinal column, d f 
the sternum, c d the first vertebro-stemal rib 
(short and almost perpendicular to a 6), and e / 
the last vertebro-stemal rib (long and consider- 
ably inclined on a 6). 

if the first rib is fixed, it will prevent the 
sternum from ascending, but will allow it to ^ 
advance at its lower extremity (to a distance de- ' 
pending on the extensibility of the costal arc 6/), by turning above 
on d, as its centre, and describing below the segment/^ of a circle. 
Any two positions of the sternum, during an ad- 
vance of this kind, would represent two radii of ^ * 
the same circle ; and, therefore, could not be 
parallel to each other. 

If , on the other hand, the first rib turns during fi&' 2« li 
Inspiration and its vertebral joint (as Cruveilhier 
admits, and as it really does), its anterior extremity 
will ascend in the arc d Kfig. 2; while the seventh 
rib, also turning at its vertebral articulation, will 
ascend in the arc/ i, carrying the sternum forward 
and upward, into the position shown by the dotted 
line A i 

The arcs, d h and/ i, also represent the paths in 
which the ends of the sternum will respectively 
move. Kow it is shown in the diagram, that these 
paths differ very considerably as to their curvature and direction ; 
Deing in fact segments of unequal circles. But \i \Xi<^ ^-vA^ <:k\ HI^ga 
sternum advance unequally, the inoWnaWoii ol VXiK^Vspaft \k»aN.^«««»- 
garHj- undergo a constant change d\uiii|^\3Dk!b\iio^o\i^ Q\T««r^>xA&<si^» 
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b^ a voluntary effort, and maintainable onl^ for 

tune. To produce this temporary rijpdity of the tbora:^ 
we first expand it by a deep inspiration, and then, ctoeing 
the glolHs (or aperture of the windpipe), put the mnsclea 
of eipiratioa into action, so as forcibly to compreaa the 
air within. In this state of things, the elastic force of 
the condensed air, and the tension of the muHcles of ex- 
piration, operate as antagonist forces, eaaaHy preveating 
the eipanaion and the contraction of the tKorai. Thia 
explanation is confirmed by common eiperience. Every 
one has obEerved that in taking a leap, striMng a blow, 
or any other violent exertion of the body, the breath ia in- 
stinctivcly drawn in, and held ; and that, just as the action 
ia completed, the glottis opens, and the air escapes with 
an audible rush, which proves that it baa been sabjeoted 
to compression within the lungs. 



CHAPTER rV. 



192. Tub pelvia is an irregularly shaped, osseous ^rdle 
attached to the lower end of the spinal column, which it 
supports, and resting below on the thigh bones, to which 
it transmits the weight of the trunk. It is intermediate 
in size between the cranium and thorax ; bnt it is stronger, 
and more massively framed, than either. It is composed, 
in the adult, of four bones, viz., the two ossa mnominala, 
or haunch-bonee, which bound it laterally and in front^ 
and the aacTum and coceyx, which complete it behind. 
The two latter bones form a continuous line with the 
spinal column, of which they are universally admitted to 
be the degenerate termination. The haunch bears the 
same relation to the leg, that the shoulder does to the 
arm ; each being considered by Craveilhier, and many 
other descriptive anatomists, as the first division of the 
corresponding extremity; but, by the transcendental 
anatomist, as a portion of the costal series, analogous to 
the lateral arcs of the thorax." We must again remind 

• The tninHcendontal anfttoJuiafs regard the osbooqb gitdlo 
formed by the Bhuutddr-bUdaa sad collar-bones, as a seiiea al 
eerriaal ribs, aoaieBoei, and alberwise modifi;ed, to ai<lApt them for 
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the student, tliat tlie division of tlie skeleton, adopted in 
this treatise, is intended merely to famish a simple and 
Gonvenient order of description, not to indicate the tme 
analo^es of the bones, which would suggest an arrange- 
ment m the highest degree paradoxical and perplexing to 
the beginner. With this caution we may proceed, in the 
first place, to describe separately the four bones of the 
pelvis ; and secondly, to review the cavity which they form 
by their conjunction. 

OF THE SACBTTIC. 

193. The sacrum is a large, pyramidal bone, inserted, 
like a wedge, between the two ossa innominata. It forms 
the upper and back part of the pelvis; its base articu- 
lates with the last lumbar vertebra ; its apex, which is 
directed downward and forward, unites with the coccyx. 
It is originally formed in five separate peces, analogous 
to the vertebras of the spine — of which, m fact, the sacro- 
coccygeal column is the inferior prolongation. At the 



the support of the arms. The upper half of the manubrium is, in 
their view, a condensed cervical sternum, articulating with the 
cervical ribs. So again they trace in the ossa innominata, and the 
anterior portion of the lateral mass of the sacrum, a series of sacral 
ribs, consolidated into a mass, and coalescing with the transverse 
processes of the sacral vertebrae, in order to form a strong frame- 
work for articulation with the lower extremities. The sternum is 
here represented by the inter-pubic fibro-cartilage. In the abdo- 
men these parts are reduced to mere vestiges ; the linea alba 
representing the sternum, and the tendinous mtersections of the 
rectus being indications of abdominal ribs. These views, supported 
as they are by the most comprehensive induction of facts from 
comparative anatomy, seem to me to deserve more attention than is 
bestowed on them oy the medical students in this country ; for 
which reason it is that the present, and several other notices, of the 
transcendental philosophy, have been introduced into this treatise. 
I take this opportunity of correcting an error which has escaped 
me in speaking of the transcendental relations of the teeth, note (*), 
page 80. The teeth are vestiges, not of the dermoid skeleton, as 
there stated, but of the splancknal skeleton, as subsequently stated 
in note (*), page 83. The discrepancy is not so considerable as it 
appears at first sight, for the epidermis of the exterior cutaneous 
tegument (which, with its appendages, represents the dermoid 
skeletonX and the epithelium of the interior mucous tegument 
(which, with its appendages, represents the splanchnal skeletonX are 
continuous with each other at the orifice of the mouth : and when 
the front teeth grow upon the line of junction^ aa ibft^ d^vcL^t&aaBC^ 
fishes, they may be referred to eitlkiex Sk&\b\Aiii\xi^ffifix^sG^^ 



152 SACRUM. 



f tlie 



me of 15, tbe Sftcral vertebrBB (also called ttie fidse ' 
tebTB, in oontradiatinction to the spinal or tme vertebrsa) 
begin to unite ; tbe tranayerae prncessea are blended into 
a continaoua masa on each side, and the jiiinta of tbe 
bodies anchylose ; ao that, at 25 yeara of age, tbe whole 
series ia consolidated into a aingle bone. 

The sacrum is curved upon itself, so a 
behind, concave in front. In tbe natural poaition, il 
directed obliqnely from above downward and backward, a^^ _ 
aa to form with the lumbar rertebrse a prominent angle, 
of which we shall have occasion to apeak in our general 
review of tbe pelvis. The sucrura presents four e^trfaceii, 
a hose, an apejc, and a eaiial. 

194. SuttPiCES. Anterior. More extensive, in genfiraiU 
than the posterior, wider above than below, slightly con- 
cave in the transverse, very concave in the longitndinal 
direction. It presents, in the median line, the hodia of 
the five aacral vertebrffi, separated by four transTerse 
riches. External to these, on each side, appear four 
holes, leading into the sacral canal, and analogous to the 
inter-vertebral foramina, (26) Eitemal to these, again, 
is the anterior surface of the lateral mags formed bj the 
conjoined transverse processes of the sacral vertebne. 
Examining these objects more closely, we observe that the 
bodies diminish in size from above downward ; that the 
uppermost is convei, the others nearly plain from side to 
aide ; and that each is concave in the longitudinal direc- 
tion. Tbe fcaies, which arecalled the anterior sacral^oTo^ 
tiiiiia,, correspond in position to the four transverse ndgea 
(every ridge naving a hole at each end). The two upper 
holes, on each side, are large and rounded; the two lower 
are smaller, and of a less regular form. They all give 
paaaage to nerves.* The anterior surface of the conjoined 
transverse process is smooth, and traversed by four wide, 
shallow grooves, leading horizontally outward from the 
anterior sacral foramina, and lodging the nerves which 
those foramina transmit. These grooves are separated by 
slight horizontal ridges, which give attachment to the 
I dictations of a musde.f 

Posterior. This surface is convex, and uneven. It 
j, presents, in the median line, the rudimentary epinotts 
i' processes ai the sacral vertebrae. Immediately external 
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to tbese, on eacli side, are the lammcB : beyond these ap- 
pears a series of indistinct tubercles, representing tne 
c(rticula/r processes ; close on the outside of these are the 
posterior sacral foromiina ; and just beyond these is an- 
other row of tubercles, which represent the extremities of 
the transverse processes^* and separate the posterior from 
the lateral surface. Of the spvnous processes, the upper- 
most is usually veiy prominent, and separate from the 
others. The second, the third, and the upper half of the 
fourth, unite to form a tubercular ridjje, which becomes 
less prominent as it descends, and disappears opposite 
the middle of the fourth sacral vertebra. The lower half 
of the fourth sacral vertebra, and the whole of the fifth, 
are deficient in spinous process and laminaB ; so that the 
sacral canal is here laid open, and appears as a wide ver- 
tical groove, bounded on each side by a tubercular ridge. 
These ridges are formed by the articular processes of 
the fourth and fifth sacral vertebraa ; they project down- 
ward, under the name of comua sacralia, or horns of the 
BOGTwrn^ to meet corresponding processes of the coccyx, 
with which they ultimately coalesce. Beneath each sacral 
horn is a notch, which transmits a nerve.f The ZammcB 
present nothing remarkable ; they are long and thick in 
the first sacral vertebra, and deficient in the fifth, and in 
the lower half of the fourth, as we have alreadv had oc- 
casion to observe. Of the articular processes, the upper- 
most pair are well developed, but as they belong to the 
base of the sacrum, their description is deferred. (196) 
The second and third pair are represented by small in- 
distinct tubercles; the fourth pair are more distinct, 
and contribute to form the ridges that bound the ter- 

* Cloquet regards these eminences as the representatives of the 
aiticnlar processes of the spine, and makes no mention of the 
tubercles which we (with Cruveilhier and others) describe as mdi- 
Qientary articular processes. But the relative position of the two 
rows of tubercles, clearly indicates, I think, their true analogies. 
The two processes by which the sacrum articulates with the last 
lumbar vertebra above, and the comua aacralia^ by which it arti- 
culates with the first coccygeal bone below, are admitted on all 
hands to be analogous to articular processes. Now the tubercles 
described in the text as articular, extend in a direct line between 
these processes. On the contrary, the tubercles, which Cloquet 
describes as articular, are in a line wilh the tmnaverse processes of 
the lumbar vertebm, and half an inch external to tne range of 
articulating processes. 
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minal groove of the aocral eaaal ; the fifth pair also- 
contribute to those ridgea, and are prolonged downwards 
to form the sacral horns. The poeterior sacral foraminOi 
four on each aide, lie just external to the tuberclea repre- 
senting the articular processeB. Thej are exactly oppo- 
eite to the anterior sacral foramina, but smaller, and less 
regular in form. Like the anterior, they commaaicate 
with the sacral canal, and serve for the transmission 
of nerves.* The tubercleH which represent the trani- 
veree processes, are large, and give attachment to strong 
ligaments.f The uppermost pair are particnlarly distinct ; 
appearing, one on each side, as a horizontal tnbercaiar 
eminence on the boundary line between tlie postsrioT 
Bnrface and the base of the sacrum. The space between, 
the transverse and spinous processes is concave from side 
to side, and forms a channel, continuous with the ver- 
tebral groove of the spine, and called the vertebral groom 
of the sdoritm, or, more shortly, the sacral groove. The 
posterior surface gives attachment to several muscles.^ 
Lateral. This aspect is broad above, but it narraws into 
a mere edge below. It presents, superiorly, a rough, semi- 
lunar surface, directea outward, backward, and a little 
downward, for articulation with a corresponding surface 
on the OS innominatum. This surface of the sacrum ia 
sometimes called the auricular, or ear-ehaped surface. ' 
It is bounded, posteriorly, by some rough depressions, for 
the attachment of strong ligaments. § Beneath the auri- 
cular surface is an uneven edge, which gives attachment 
to ligaments,|| and presents, at ita lowest part, a deep 
notch converted, either by a ligament, or by the trans- 
verse process of the first ooceygeal vertebra (202), into a 
hole, which transmits a nerve.^T 

195. BiSE. This aspect ia directed upward and for- 
ward. It is widest transversely, and presents, in the 
median line, an oval surfac* exactly resembling the arti- 
cular surface of the body of the last lumbar vertebra, to 
which it ia joined by the intervention of the last inter- 
vertebral fibro- cartilage. Behind this articular surface 



1 • PoalBrior branoies of aacral. t Saoro-sciBtic. 

the UtiBsimus doisi ; and the ancral grooves, to the fleshy moss by 

1 tihe KlutnaB moximns. § Sturo -iliac. 
1 / AtertHScisOu. ^ Anterior bmnoh of fifth sacnd. 
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a|)pears the tipper orifice of the sacral corneal, large and 
triangular, bounded, in front by the body, and behind hj 
the laminae, of the first sacral vertebra. Behind this 
orifice is seen the upper border of the spvnous process of 
the first sacral vertebra ; beside it appear the upper a/rti' 
cula/r processes of the first sacral verteora. Each of these 
processes presents an oval, cartilaginous surface, concave 
rrom side te side, plane from above downward, and directed 
backward, inward, and a little upward, to articulate with 
the inferior articular process of the last lumbar vertebra. 
In front of each articular process is a notch, which, with 
the inferior notch of the last lumbar vertebra, forms the 
last mtervertehral foramien. The only remaining objects 
presented by this aspect are two smooth, triangular sur- 
laces, concave transversely, convex from before back- 
ward, extending outward, one on each side, from the 
central articular surface of the base, to become con- 
tinuous, in the united pelvis, with the internal iliac fossa 
of the OS innominatum. These surfaces are sometimes 
called the alee of the sacrum ; tbe rounded angle, formed 
hj their junction with the anterior surface, is continuous 
with the li/nea ileopeciinea of the os innominatum (209), 
and forms part of the brim of the true pelvis (218). 

196. Apex. Is directed downward and a little forward, 
and presents only a concave, oval surface, for articulation 
with the coccyx. 

197. Sacral Canal. Large and triangular above, 
small, and fiattened from before backward below. It 
follows the curve of the sacrum, is continuous above with 
the vertebral canal, and is reduced below to a groove, by 
the deficiencv of its posterior wall between tiie sacral 
horns. In the recent subject, however, this groove is 
converted into a canal by ligamentous fibres, which 
extend between the comua. The sacral canal lodges 
nerves,* and its walls are perforated bv the anterior and 
posterior sacml foramina, through which those nerves 
pass out. 

198. Stbucttjbx. Light and spongy within, invested 
by a thin layer of compact tissue externally. Devxlop- 
KENT. Eacn of the three upper sacral vertebrae is de- 
veloped by five ossific points, one for the body, two for 
the laminae, two for the lateral masses which represent 
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thfl transTerae proceases. Tke two loweat aacral v 
are developed by three points each, one for the body, two 
for the loteral massea. The articnlar Burfacea of the 
body oE every eacra! vertebra, and the two auricnlar 
iBurfaces of the sacmin, are developed aeparately, each aa 
a thin plate, which subsequently unitea with the rest of 
the hone. Bach of these twelve epiphyses is developed 
by a separate point, which, with tne twenty-one befora- 
mentioned, make up the number of thirty-three oaaifio 

Ijointa for the Bacrum, AuTicuLiTiONs. With the last 
ombar vertebra, the oasa innominata, and the coccyx. 

CUETATUKE OP THE SiCEDlt. 

199. The Baorum ia a ome what wider ta the female than 
in the male. Ita relative cnrvatnre in the two aexea is a 
aubject upon which contradictory opiniona have been de- 
livered by anatomiata of high authority. Cloqnet aaya 
that the female aacrum. ia more curved than that of the 
male. Others maintain a directly oppoaite opinion. Cru- 
veUhier states that he has eiamined the sacrum in many 
male and female subjects, without finding any difference 
ButGciently pronounced and constant, to be taleo aa cha- 
racteristic of the seses. 

Aa this is a question of conaiderable interest to the 
practitioners of midwifery, I have endeavoured, by em- 
ploying an exact mode oE meaaorement, to arrive at a 
correct decision on thia point, and shall here atate briefly 
the method and the resulta of my obaervations. A. narrow 
atrip of aheet-lead waa preaaed against the anterior snr- 
fiwe of the bone, ao as to receive ita exact onrvature in 
the median line. The lead was then laid edgeways on a 
sheet of paper, and its curve waa traced with a penciL 
The foregoing diagram exhibits curved lines obtained in 
this manner, from the sacra of four male and four female 
pelves, belonffing to the muaeum of King's College. An 
extensive senea of similar observations gave the follow- 
ing general concluaiona :^ 

1. The curvature of the female sacrum belongs chiefly 
to the lower half of the bone. The upper half ia nearly 
straight 3. The male aa<;rum is, on an average, more 
curved than that of the female, and ita curvature ia mora 
equally distributed over its whole length. 3. The male 
sacrum, in many instances, approximates in ita form to 
that of the female, bat the female Bacium nuxelj preaeftts 
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the characters proper to the male. Thus, it is much 
more common to mid a very straight sacrum in a male 
subject, than one that is very much curved in a female. 
(Fig. 9 in the diagram, represents the curvature of the 
straightest male sacrum I have ever met with.) 

The curvature of the sacrum is liable to be changed 
after birth by pressure. A dealer in bones, who obtains 
his supplies from a French military hospital, informs me 
that the skeleton of a horse-soldier may generally be dis- 
tinguished from that of a foot-soldier, by the more sudden 
-curvature of the sacrum. 

OP THE COCCYX. 

200. A series of four, sometimes five, small vertebrae, 
resembling those of the sacrum, but still more degenerate 
and rudimentary. Uniting successively with each other, 
these coccygeal vertebrae form, in the adult, a single bone, 
of a triangular form, articulated by its base to the apex 
of the sacrum, with which it ultmiately contracts an 
osseous xmion ; so that, at a late age, the entire sacro- 
coccygeal column forms but one bone. The coccyx is a 
vestige, in the human race, of the tail of quadrupeds. 
It presents for examination two surfaces, two lateral 
horaers, a hose, and an a'pex. 

201. SuEPACES. Anterior. Smooth, slightly concave, 
forming a curve continuous with that of the sacrum, 
marked with three transverse grooves, indicating the 
junction of the cocygeal vertebrae. It is covered by a 
ligament,* and supports a portion of the alimentary 
canal.f Posterior. Convex, marked withtranverse^roovea 
like those of the anterior surface, and also with two rows 
of tubercles, which represent the articular processes of 
the coccygeal vertebrae. The uppermost pair of these 
tubercles are prolonged upward, to meet the descending 
articular processes of the last sacral vetebrae ; and as the 
latter processes are called the comua of the sacrum, so 
are these denominated the comua of me coccyx. The 
comua of the sacrum and coccyx, together with the bodies 
of the false vertebrae, to which they respectively belong, 
complete a pair of foramina, which transmit each a nerve.!{ 
Tlie coccygeal vertebrae are destitute of laminae and spinous 



* Anterior sacro-coccygeal. \ 'SdviX^osssu 

X Filth aaoTol. 
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prooeasea, and conBegnently also of vertebral canal, and 
intervertebral foramina. ThiB aurfaco of the coccyr is 
covered by a ligament,* and afforda inBertion to part of 
two large muaclea.+ 

202. LiTBBAL Borders. Thin and uneven, presenting, 
alternately, ewinences, which correspond to the trana- 
verse jroceasea of the apine, and notches, which indicate 
the original separation of the coccygeal vertebras. Tho 
transverse proeesaes of the first coccygeal vertflbne are 
long, and flattened from before backward. They fre- 
quently curve upward, and join the lateral maases of the 
sacrum, so aa to enclose on each side a foramen, which 
trauHinitB a nerve.J The transverae procesaea of the 
eecond coccygeal vertebra are much amaller, and those of 
the third and fourth are often quite deficient, ludeed, 
the laat two pieces of the coocyi are, in general, mere 
rudimentary nodules of bone, without distmct procesaea 
or markings of any kind. The lateral borders of the 
coccyx give attachment to ligamentB§ and mnBcIea.|| 

203. Basb. Fresenta an. oval surface, which articulates, 
ly amphiarthroaia, with the eitremity of the saenim. 
iformaily, the coccyx forms a continuous line with the 
sacrum, prolonging ita curvature forward; bnt it ia some- 
times turned npward by the pressure of sitting, so as to 
form a right or even an acute angle, with the sacrum. 

204. Af«X. Sometimes tubercular, sometimes bifid, 
Bometiraea deflected to the right or left of the median 
line. It givea attachment to a tendoii,1f and to some 
muacular fibrea.*" 

205. Stbucturb. Of spongy tissue, envelojwd in a 
very t^in layer of compact. Devulofmekt. By foor 
points, one for each piece. The upper pieces are some- 
times developed, each by two lateral points, which unite 
in the median line. Asticdlation. With the sacrum 
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tihe opposite side, and forming the anterior and lateral 
boundary of tlie pelvis. It is the largest of the fiat bones, 
and serves as a fulcrum to the lower extremity. 

The haunch bone presents, near the middle of its outer 
aspect, a large cup-hke socket, for articulation with the 
head of the thigh bone. From this socket, as from a 
centre, diverge three strong branches of bone — viz., the 
iUunif the ischvwm, and the puhes. The ilium mn.a from 
the socket upward and backward, expanding into a wide, 
fan-like plate. The pubis runs from the socket hori- 
zontally inward, for about two inches, and then, 
making a sudden turn, called the angle of the puhes, 
runs downward for about the same distance. The ischium 
passes from the socket downward, for about an inch and 
a half, expands into a large tuberosity, and then, curving 
upward, joins the descenmng portion of the pubes, so as 
to enclose with it a large space called the obturator fora- 
men. These three portions of the os innominatum are 
originally developed as separate bones ; and the socket, 
from which they diverge, is itself formed by their union. 
That part of each bone which contributes to the socket 
(together with the portion immediately adjacent), is called 
its bodh. The expanded portion of the ihum is called its 
ala. The descending portion of the pubes is called it$ 
ratrms : and the same name is applied to the ascending 
portion of the ischium. The point of junction between 
the ramus of the pubes, and the ramus of the ischium, is 
indicated, in the adult, by a rough eminence. The lines 
of junction between the three bones in the acetabulum, 
are frequently not distinguishable in the adult ; but we 
shall subsequently state the proportion which each bone 
contributes to that cavity. The student should further 
observe, before commencing the minute examination of 
the haunch bone, that its middle portion, which supports 
the socket, is narrow, and twisted in such a manner that 
the inner surface of the bone looks forwa/rd upward and 
inward, above, where it belongs to the ilium ; backward 
upward and inward, below, where it belongs to the pubes 
and ischium. 

207. The os innominatum, considered as a whole, pre- 
sents for examination two borders and four swrfaces, 

208. Borders. Qv/perioT, This border is called the 
cfrest of the iUtim, It is curved so as to apper convex 
when looked at sideways; alternately convex and concave^ 
like an italic/, when surveyed ttoiSL ^iX^^^. ^Ss^ *^5Si^^ 

u 
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eapeciflUy towards the extremities, so that it may be 
deBcribed as having an iotemal and a.n eitamBl lip, 
aeparated bj a narrow interval. Each of these three 
divisions gives attachment to muscles.* The crest of the 
ilitiin terminates at each end in a prominent angle. The 
anterior of these angles is called the antBrior superior 
epinoua process of the iUiim; it may be felt diflbnctly 
under the integuments during lite ; it gives attachment 
to two masclesf and a ligament,!: The |)oaterior angle, 
which is larger and thiclcer than the anterior, is called the 
poeteriw superior spi)wv,B process of the iUinn : it gives 
attachment iutemaQv to strong %aments.§ ^inferior. 
This border is irregularly concave i its outer half, which 
belongs to the ihnm, is inclined from above downward 
and inward; its inner half, which is formed by the 
body of the pubes, is horizontal. It forms, by its junc- 
tion with the crest, the angle that has just been dft- 
scribed as the anterior superior spinous process of the 
iUum. It presents, j ust below this process, a notch, whick 
nves attachment to a mnscle, II and transmits a nerve.^ 
Below the notch there is another prominence, callea 
the anterior inferior spinous process of tkeilium. to which 
a tendon** is attaohea. Below, and internal to this notch, 
appears a wide shallow groove, over which a tendonf^ 
Blides. This groove is bounded internally by a rough, 
■eminence, called the Uio-pectineal eminenoe, which indi- 
cates the junction of the pubes and the ilium, and gives 
insertion to a muscle.];^ E\irther inward is the smooth, 
triangular, upper surface of the body of the pubes, wider 
eitemallj than internally, and limited behind by a sharp 
edge, wMch forms the pubic portion of the linea ilio- 
pectinea. (206) At the inner end of this surface is seen 
a short horizontal ridge, which attaches several muscle8,§§ 
and is called the crest of the pubes. This ridge terminates 

* Outer lip. ObliquDB eitEmuB ftbdominU \a front, Jatissimns 
dorsi boiiind, faacis lot* in ila whole length. IniKT lip. Trans- 
vers«lis ftbdommis in froat, quadmtns lumburum behind. iTOervat 
betwfn Iht tips. ObliquuB iDternne in front erector epins twhliid. 

t Tensor v»giu» femoris, and part of Bartoriua. t Piiupart's. 

t LonKBndBtaortBacro-iliac 1| Bnrtorina. 1 External cutAueona. 

" EJtraight tendon of rectus (tlie exlernd tendun of wbicb is 
attached to some irregularities just above the acetabulum). 

ft Unilud Ceudnn of iliacua iulemue, and psoas oiaguua. 

II Paoaa parvus. 

fi Bectna abdommia, and pTramidalia, also pari of obliquua in- 
teraaa, and Imaaventha, 
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internally at the am,gle of the puhes (formed by the junc- 
tion of the bpdy and the ramns), and externally at a 
tubercle, called the spine of thepuhes, which projects for- 
ward, and gives attachment to a ligament.* Inferior, 
Extends from the angle of the pubes to the tuberosity of 
the ischium. Its upper third is vertical, and presents an 
oval, uneven surface, which is united to the similar sur- 
fece of the opposite bone, by the intervention of a fibro- 
cartilage, forming the articulation called the symphysis 
pubis. This articular surface often presents eight or nine 
transverse ridges, separated by grooves. In a few speci- 
mens I have observed, instead of ridges, a series of nipple- 
shaped eminences, regularly arranged in horizontal rows, 
of three or four each. This curious structure, which 
anatomical writers have not hitherto described, is doubt- 
less intended to enable the interpubic fibro-cartilage, by 
sending in its fibres between those mastoid tubercles, to 
take a firmer hold of the bone. The remainder of the 
inferior margin slopes downward and outward, and forms 
with the corresponding margin of the opposite bone, the 
fuhic arch. This margin is nearly straight in the male ; 
m the female it is concave, more obliquely placed, and 
turned somewhat forward, so as to present a smooth sur- 
face, rather than a sharp ed^e towards the pubic interval. 
This border attaches, superiorly a musclcf inferiorly a 

Sart of the organs of generation.J Posterior. 'I'his bor- 
er extends from the posterior superior spinous process 
of the ilium to the tuberosity of tne ischium. It is ex- 
ceedingly uneven. It presents, immediately below the 
posterior superior spinous process of the ilium, a small 
notch; and below this again, a small thin eminence, 
called the posterior inferior spinous process of the ilium. 
Below this is a very large diep notch, called the great 
sciatic notch, which transmits a muscle,§ nerves, || and 
vessels, 1 1 and contributes to form what the student will 
hereafter know as the great sciatic hole. This notch is 
bounded below by a sharp triangular eiuinencfls, called 
the spinous process of the ischium. It is directed down- 
ward, backward, and inward, and gives attachment to 
muscles^ and ligaments.** Beneath this proc ss is ob- 

• Poupart's. t Gracilis. 

X Cms and erector, penis in the male, clUoridis in the female. 
I Pyriformis. I GlutsBal, sciatic, and internal ^udifi.. 

^ Gemellus superior, levator aiii,aiid\&c\i\o-cAc^^^^v^\x%. 
** Lesser sacroHBoiatic. 
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eerred tte lesser sciatic notch, a. smooth depression, 
whieli a tendon* turnB ; it is covered, in the recent state, 
with cartilage, and contributes to forta the lesser eciatic 
foramen. Below this notch there is a broad rongli emi- 
nence, situated at the junction of the posterior and inr 
ferior borders, and called tbe hiberoeily of the ischium. 
This tuberosity, like the crest of the ilinm, has two lips, 
and an intermediate rough surface, each giving attorn- 
ment to muscles.t The inner lip of the tuberosity, and 
the corresponding edge of the ascending ramns of the 
ischinm, project backward a little into the cavity of the 
pelris, so as to form a slight groove, whiob is deepened 
in the recent subject bya ligament,J and lodges important 
veasela and nerves. § The tuberosity of the ischium fonns 
the lowest angle of the ob innominatura, and is the part 
npon which we rest in sitting. 

209. Surfaces. Interior or Pelvic. Presents, pos- 
teriorly, some rongh depressiona for the insertion of liga- 
ments, || and, in front of these, a semilunar surface, which 
articulates with the auricular surface of the Hacmm, 
The remainder of this aspect is divided into two por^ 
tions by a curved line, which runs forward from the ar» 
ticular surface just mentioned to the spine of the piibea. 
This is the linea ilio-pectinea. That part of it which 
belongs t« the iUum is rounded, but the pubic portion is 
very sharp, and gives attachment to two mnscleslTand a 
ligament.** Above this line there is a smooth, concave 
surface, directed forward, upward, and inward, perforated 
near the middle by the foramen for the medullary artery, 
and filled in the recent state by a large muscle.+t It u 
called the iaternal iliac fossa, or venter of the ilium, and, 
as we shall afterwards see, belongs to the false jTelvia. 
Below the hnea ilio-pectinea we find, posteriorly, a, smooth 
concave surface, covered, in the recent subject, by two 
muscles;! J and, in front of this, the obturator foratnen. 
This hole is large, and of an oval shape, in the male j 
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smaller, and trianffular, witli rounded angles, in tlie 
female. It has a thin, uneven circumference, interrupted 
at tlie upper and outer part by a groove, called the groove 
of the obturator foramen, which passes from the interior 
of the pelvis, forward, inward, and a little downward, and 
serves to transmit vessels and a nerve.* The greatest 
diameter of the obturator hole is directed downward and 
Outward. In the recent subject it is closed by a fibrous 
membrane, except at the groove. Each surface of the 
Inembrane gives attachment to a muscle.f The obturator 
foramen is bounded, above, by the body of the pubes ; 
below and externally, by the body of the ischium ; inter- 
nally, by the united rami of the ischium and pubes. Ex' 
terior. The posterior and upper part of this surface 
looks backward, downward, and outward : while its an- 
terior and inferior portion is directed forward, downward, 
and outward. Posteriorly, it presents the smooth, exter- 
nal surface of the ilium, which undulates, so as to be 
concave behind, and slightly convex in front. This sur- 
face, which is called the dorsum of the ilium, or the ex- 
ternal iliac fossa, is traversed by three curved lines, 
called the superior, middle, and inferior, semicircular 
Unes of the ilium,. The superior semicircular line com- 
mences at the crest of the ilium, two inches in front of 
its posterior extremity, and runs downward, to terminate 
at the back part of the great sciatic notch, just in front 
of the posterior inferior spinous process. Its upper ex- 
tremity is well marked, but it becomes indistinct, often 
quite imperceptible, below. Between this line and the 
outer lip of tne crest, lies a narrow rough surface, which 
gives attachment to part of a large muscle.ij; The middle 
semicircular line is the longest and most distinctly 
marked of the three. It commences at the crest of the 
ilium, two inches behind the anterior superior spinous 
process, and runs from thence backward and downward, 
to terminate at the posterior part of the great sciatic 
notch. The inferior semidrcula/r line commences at the 
anterior inferior spinous process, or at the notch just 
above it, and runs from thence backward and downward 
to the anterior part of the great sciatic notch. These 



• Obturator vessels and nerve, 
t The posterior surface to the obturator intemus. The anterloc 
surface to the obturator extemus. 

X QIutnuB inaixxin^QA, 
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lines cive origin to the aponenrotic Sbres of three muBdea, 
and the intervening swrfaeei give origia to their fleshy 

Proceeding downward and forward from the ihae fosea, 
we come to the ootylo-id cavity, or acetalulii/tii, a bemi- 
epherical, articular excavation, abont two inuhea and a 
half in diameter, directed downward, ontward, and for- 
ward, covered with cartilage, except at a large rough 
dejjresBion at the bottom, and drcmnBcribed by a pro- 
mment uneven margin, which ia interrupted internally 
by a deep notch, called the cotyloid notch. Thia cavity 
is articulated with the head of the femor. Ite circuTQ- 
ference supports a fibre- cartilaginons brim, which deepena 
the cavity, and contracts its ori£ce. The cotyloid notch 
gives attachment, by its borders, to the inter-articnlar 
ligament ;+ it is converted into a hole by the fibro-cartiiage 
of the brim, which stretches across it like a bridge. The 
hole thus formed transmits nutrient vessels into ttie joint. 
The no n -articular depression extends from the cotyloid 
notch to the centre of the cavity. It presents several 
nutrient foramina, and lodges a fattv substance,!^ the nsa 
of which is unknown. The acetabulum is formediu front 
by the pubes, below by the ischium, and above by the 



■ The gluteus m&xuuua is attachBd to the upper curved line, and 
to tba small Buifaco between it and the cteal of th« ilium. Th« 
gloljfns mediue ia attacTied to the middle cnrred line, and to the 
surface between it and the upper curved line. Tbe glntaus mini- 
muB arises from the inferior curved line, nnd from the surface 
between it and the middle curved line. The Burface between ttie 
lower curved line and tbe a<»tabuluni, ia covered by tbe glutjens 
minfmus, bat does not give origin to its fibres. Of these three 
curved lines, tbe French anatoniista in general recognise only the 
two upper ; while (be Engliab anatomieta, on the oontrary, usually 
describe onl;f the two lower. What we have here described as the 
Huddle line, ia called the bicer b; Cloquet and Cmveilbier, and the 
Vsper by Quain. To increaBethe ambiguity thoB created, the upper 
and middle lines have Bometimes both been described as aiiperior, 
in different parts of Ihe same wcrk (compare, for instance, pages 
330 and S32 of the Z>riblin Diisector). These diBorcpancios ara ot 
no great importance in tbemaelvea, but they are liktly to roisli'ad 
(he student aa to the attachment of the gintaal muBcIea i for which 
leason it le that they are here pointed out. 

t Ligamentum teres. 

1 Oue of the so-called glands of Havers. (The nature of these 
fatty bodiea is atill a matter of dispute. Their glandular structure, 
which is denied by Bdclard, and by moat other modem phyaii>- 
JqffialB, baa beea lately reasaertud by HejliBs™-") 
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ilinm; the pubes contributing one-fiftb, the ischium a 
little more than two-tifths, the ilium a little less 
than two-fifths, to the entire dimensions of the 
cavity. Above the acetabulum is a rough impression, 
indicating the attachment of a tendon.* To its inner 
side is the obturator foramen, already described. Below 
the obturator foramen appear the outer surface, and the 
tuherositiff of the ischium ; and between the tuberosity and 
the margin of the acetabulum, there is a smooth horizontal 
groove, m which a tendonf glides. To the inner side of the 
obturator foramen, is the anterior surface of the united 
rami of the ischium and pubes, wider above and below 
than in the middle, where it presents a rough, hoiizontal 
ridge, indicating the junction of these originally separate 
portions of bone. 

This surface gives attachment to muscles.!^ Above 
the obturator foramen is the triangular anterior surface 
of the body of the pubes, limited internaUy by the epine 
and crjest of the pubes; externally by the iho-pectineal 
eminence; hehi/nd bv the posterior border of the pubes 
(which forms the pubic portion of the linea ilio-pectinea) j 
in front by the anterior border of the pubes, which extends 
from the spine of the pubes to the upper border of the 
cotyloid notch, and forms the anterior lip of the groove 
of the obtuator foramen. 

210. Steuctube. Of loose reticular tissue, enclosed 
between two compact layers. At the centre of the iliac 
fossa, and at the bottom of the acetabulum, the bone id 
thin, semi-transparent, and composed entirely of compact 
tissue. In the neighbourhood of the acetabulum, at the 
tuberosity of the ischium, and indeed at all the thicker 
parts, the bone is perforated with many large nutrient 
foramina. Development. The ilium, ischium, and pubes, 
are each developed by a separate point. The crest of the 
ilium, the tuberosity of the ischium, the anterior inferior 
spinous process of the ilium, and sometimes the angle of 
tne pubes, are developed as epiphyses, each by a separate 
centre of ossification. (The epipnysis of the tuberosity 
of the ischium extends also along the inner border of its 
ascending ramus.) 

Besides these seven ossifio points, M. Serres has 

• The external curved tendon of the rectus femoris. 
t That of the obturator extemus. 

t Adductor longus above, «ddufiU»\n«^\&.^(^Ti£i^S&fs%^i:»s^(c»^ 
magnuB below. 
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described one for a portion of bone which fill a np tiitf 



and pubes, unite about 14 or 15 years after birth. The 
epiphysea, up to that age cartilaginous, then begin to 
oasify, aad successively unite with the bone ; generally 
at '22, but sometimes not till 25 years after birth, the con- 
solidation of the innominatum is complete. Akticvia- 
TioKs. With the sacrum, the femur, and its fellow of the 
opposite side. 

OT THE PSLVia ra QENERM,. 

211. The four bones which we have just described form, 
by their union, a large, bason-like cavity, open above and 
below, situated in an inclined position between the spine 
and lower extremities, and divided by the lioea innominata 
into a superior, expanded portion, called the false pehis, 
and an inferior, narrow, deep cavity, called the trae 
pehiit.* 



212. The false pelvis has no anterior wall, but presents 
in front a. wide gap, extending from the anterior superior 
apinoQs process of one os innominatum to the uorrespond- 
ing point on the opposite side. Its posterior wall is also 
deficient in the middle, opposite the sacro-vertebral angle. 
Its lateral walls are formed bj the ate of the ossa ia- 
nominata. It presents for examination an interior and 
exterior surface, an upper and a lower ci/rcutaference, and 
a cavity. 

213. 8rB?ACBS. Interior. Presents, on each side, the 
internal iUac foeea, and posteriorly, in continuity with 
that fossa, the smooth, upper aspect of the lateral mass 
of the sacrum. These two parts together form a vride 
concave surface, traversed by the saaro-iliac symphysis, 
and directed inward, upward, and forward; by which 
obhqoity it is adapted, partly to support the intestines, 
partly to throw their weight forward against the anterior 



__ ,. , , „ ._ tha coccyi and tha 

tuberositios of Che isnhia. It ia better to n^taio it ae neu'ly te 
jusHiblj is its natural obliqne pofiitioii ; bo that tha tme mcuiui- 
Uaa aad aapBet of its snifacea, &c, may be tQUBlantlif ^seut (o 
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Wall of the abdomen. This surface gives origin to a pair 
of large muscles.* Exterior, Presents on each side the 
dorsum of the ilium, alternately convex and concave, 
marked with the three semicircular lines, and affording 
attachment to several muscles. f 

214. OmcuMFEEENCES. Superior. Formed chiefly by 
the crest of the ilium,, which terminates in front at the 
a/nterior superior spinous process. Below this appears 
the anterior inferior spinous process, separated by a notch 
from the superior, and by a wide shallow groove from the 
Heo-pectineal eminence. This circumference attaches 
numerous muscles.J Inferior, Identical with the hrim 
of the true pelvis, under which designation it will be 
described. (218) 

216. Cavity. When the false pelvis is completed in 
front by the abdominal muscles and fasciae, it presents a 
wide shallow cavity, with its longest diameter transverse, 
and its axis directed obliquely from above downward and 
backward. In the skeleton this cavity is very imperfect ; 
indeed it may be doubted whether a space lying between 
two lateral plates of bone, but having no definite boun- 
daries before and behind, deserves the name of a cavity — 
still more, whether it has any ascertainable axis. Each 
iliac fossa supports a part of the alimentary tube,§ and 
the intervening space is filled with the convolutions of 
another portion of the same canal. { 



OP THE TEUE PELVIS. 

216. The true pelvis is a smaller cavity than the false, 
but its osseous boundaries are more perfect. Its posterior 

* Hiaci intemi ; which arise from the internal iliac fossae. 

f Glutaeas maximus, medius, and minimus, and curved tendon of 
rectus femoris. (For a particular account of the attachment of 
these muscles, see note *, page 166.") 

X The crest l^ives attachment to the latissimus dorsi, the obliquus 
extemus and intemus, the transversalis, the quadratus lumborum, 
and the common commencement of sacro-lumbalis, longissimus 
dorsi, and spinalis dorsi, the anterior superior spinous process to 
the tensor vaginae femoris, Poupart's ligament, and a few fibres of 
the sartorius ; the notch beneath it to the sartorius ; the anterior 
inferior spinous process to the straight tendon of the rectxus ; the 
ileo-pectineal eminence to the psoas parvus. The groove between 
the two last-mentioned eminences transmits the united tendon of 
the iliacus intemus and psoas magnus. . 

§ The right iliac fossa suppoita tYift cwcKm^^'&^siSX. *^'i' >»seass^ 
ibxnw 0/ the colon. \'Y>aft'^'«B^ 
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wall IB formed by the sacrum and coc 

five inchea in depth. Its anterior wall in tl 

line CDiresponda to the Bjmphysia pubis, and if 

than an inch and a half deep ; it widens, however, ( 

each side, where it is formed by the iachtum and pobea^S 

and presents the obtarator foremen. Each lateral wall ■ 

is formed by that portion of the Uiuta which lies belo*B 



lotch belongs, in the skeleton, to the inferior outlet of^fl 
the pelvis ; btit in the recent subject, it ia aeparated froBtV 
that aperture by a strong ligament, which stretches acroMfl 
from the aacruni to the tuberosity of the iachinm, oolt<^ 
Terting the notch into a, hole, and considerably diminish 
ing the extent of the outlet. The true pelvti 
for oouaideration two surfacee, two wrcumferen 

317. SuBFACES, Interior. Present* posteriorly the o 
cave anterior snrface of the sacrum and ooocyi ; on t ' 
are observed, in the median line, the bodies of the a 
iind coccygeal vertebrse; external to these on each s: . .^ 
the anterior eaeral forctmina, for the transmission of 
nerves;* and beyond these the anterior surface of the- 
lateral mass of the sacrum, marked with shallow hori- 
zontal ffroovea for the reception of nerves,* and with slight 
eminences which separate the grooves, and give origin to 
the digitationa of a muscle. t Immediately external to 
the sacrum is the sacro-iUac Bymphysis, Proceeding for- 
ward, we come to the lateral wiUl, scarcely an inch deep 
above the sacro-sciatic notch, where it belongs to tha 
ihum, gradually widening in front of that notch, where it 
presents the roughened line of junction between the lUom 
and ischium. Passing to the anterior wall, we observe, 
in the median hue, the ^mphygis puMe .- eitemal to this, 
the posterior surface of^the unit«d rami of the iachinm 
and pubes, marked in the middle with the tranaverse ridge 
that indicates their union; and beyond these the obturator 
fora/men, with its thin uneven circumference, interrnpted 
above by a groove for the transmission of veaaels and a 
nerve.J Above the obturator foramen is the posterior 
surface of the body ot the pnbea, wide at its inner ex- 
tremity, gradually narrowing aa it paases outward. Ex- 
ternal to the obturator foramen is a wide smooth surface, 



* -^tedor mozal. 
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belonging chiefly to the ischium, but completed above by 
the body of the pabes, and of the ilium. This surface 
corresponds to the back of the acetabulum, and often 
presents three roughened lines which indicate the union 
of the three portions of the oe innominatum. It is covered 
in the recent subject by two muscles.*. Beneath the 
obturator foramen is a smooth surface belonging to the 
bodv of the ischium, and bounded below by the inner lip 
of the tuberosity. This lip, and the margin of the ramus 
with which it is continuous, project a little into the cavity 
of the pelvis, so as to form a slight groove, which, when 
deepened by a ligament f lodges important vessels and 
nerves.J The surface which surrounds the obturator 
foramen, and the membrane which closes that hole, give 
attachment to a muscle.§ Exterior, Presents, posteriorly, 
the convex uneven surface of the sacrum and coccyx, on 
which are observed, in tha median line, the row of sacral 
spinous processes ; below these, the termmal groove of the 
sacral canal, and the posterior surface of the coccyx. Ex- 
ternal to the spinous processes on each side is the sacral 
groove, continuous with the vertebral groove of the spinal 
column, and bounded externally by the tubercles, which 
represent the transverse processes of the sacral vertebrae. 
This groove is perforated by the posterior sa^al foramivna 
(for the transmission of nerves||) and presents the coa- 
lesced lomincB of the sacral vertebrsB, and the row of arti'* 
eular processes; the two uppermost well developed, and 
articulated to the last lumbar vertebra ; the two lower- 
most (called the horns of the sacrvm) prolonged downward 
to meet the ascending horns of the coccyx; the others 
mere rudimentary tubercles. On ea,ch side of the sacrum 
appears the posterior extremity of the ala of the ilium, 
projecting backward so as to form, with the lateral surface 
of the sacrum, a deep groove, filled in the recent subject 
with short strong ligaments^ which hold the two bones 
together. Proceeding forward we observe, 1st, the dorsv/m, 
of the iUimv, of which only a small portion belongs to the 
true pelvis ; 2ndljr, the exterior surface of the body of the 
ischium ; and thirdly, the a>cetabulum, with its prominent 
circumference, its cotyloid notch, and its central nou-arti- 
oular depression. Internal to the acetabulum is the 06- 



* Levator ani, and obturator intemus. 

t A process of the great BacT0-B<»&\iQ\\^5Ki&SQ\K 

t Internal pndio. % 0>a\.xa«b\Ht VDi«5tts^. 

I PoBterior hranohes of sacraL ^ ^ai^«f«sc «msc^v2»«^ 
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tu^ator foramen, bonnded by the hodife, and rami, of iJirf" 
isehiuim, and puheg. Below the acetabalnm, and Ijing 
between ita border and the tuberosity of the jschinm, is a 
groove for the tendon of a, moBcle.* The exterior surface 
of the true pelTiB gives attachment to eeveral muscles.f 

218. CiBCUMraHENCES, Superior. This oircumferenca 
is usually called the hrim, of the tme pelyis. It is formed 
by the ileo-'pectineal line of the os mnominatum, com- 

Eleted posteriorly by the rounded anterior border of the 
aee of the sacrum, and by the sacro-vertebral angle; 
anteriorly by the spine and creel of the pnbes. This circum- 
ference is traversed by the jiM&ir, and eof-ro-Uiae eymphyees, 
and presents on each side the posterior eslremity of the 
iUo-peeiineal emtrwiiM. It affords attachment to several 
muscles and ligaments,!t and aircumscribes a space called 
the abdominiu strait, or inlet of the true pelvia. This 
apertnre wonld be oval, but for the sacro-vertebral angle, 
which projects forward pOHteriorly, so aa to render it 
kidney-shaped. It has four principal diameters ; an 
antero-poetiirior, measured from the eaoro-vertebral angle 
to the BTmphyHis pubis; a, ira/nsverse, carried across so 
as to indicate its greatest width ; and two obiiiue, each 
passing from one ileo -pectineal eminence to the sacro- 
iliao symphysis on the opposite side. Of these diameters 
the transverse is the most considerable, the oblique the 
next in length, and the antero-posterior the shortest. 
Inferior. This circamterence presents three eminences, 
separated by three deep notches. Of the eminences, 
one ia posterior, and formed by the sacrum and coccvi ; 
the other two are lateral, and formed by the two iscnia. 
At the summit of the first eminence is seen the extremity 
of the coccyx; at the summits of the two latter are ttie 
broad, rough tuberosities of the ischia. Of the notches, 
one is anterior and angular, bonnded on each side by the 
rami of the ischium and pnbes, and above by the sym- 
physis pubis. This is called the pubic arch. The other 
two are lateral and curved, formed by the sacrum aud 

• Obturator (-slerDus. 
f By the sacrum it gives atlitchmont lo iha sooro-lDmbHlis, latis- 

to the glDtenB maximua, medius, and miDimuBi by the &nl»rior 
BorfHDO of pabea aad ischium, to the obturator eilemus, giscilia, 
•dductor bnjviB, longus, and magnns. 

% By the linea ileo-pectiues tu the levator ani. psoas parvus, and 
pBctiBeiiB masclee, and to Gimbernat's lignioeut. By the spine of 
the pabea to Poupart's ligsment, aud bj lliB Moat q\ 'Cas ■e\ft»6 Wi 
Wb rectos, and pyrmnidaiia abdominis. 
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■coccyx behind, by the icbium in front, and by the ilium 
above. They are called the aacro-sciatic notches. Each 
is subdivided by the spine of the ischium into two parts : 
a superior, larger, called the greater sacro-sciatic notch ; 
an inferior, comparatively inconsiderable, called the leaser 
sacro-sciatic notch. The margins of these sacro-sciatic 
notches are thin; the margin of the pubic arch is thicker, 
and deflected a little outward. This irregular circumfe- 
rence gives attachment to several muscles and ligaments,* 
and encompasses a space called the jpermcsal strait^ or 
outlet, of the true pelvis. This space is measured, in the 
skeleton, by only two diameters, an antero-posterior, 
drawn from the tip of the coccyx to the symphysis pubis ; 
a transverse, carried from one ischiatic tuberosity to the 
other. In the recent subject, the perinaeal strait is con- 
siderably altered in shape and dimensions, by the presence 
of the sacro-sciatic ligaments, which, extending from the 
sacrum and coccyx to the tuberosity of each ischium, 
furnish two straight margins for its posterior boundaries, 
instead of the deep, sacro-sciatic notches. The lozenge- 
shaped aperture thus formed is measured by four 
diameters; an antero-posterior, and a transverse, the 
same as those described above; and two ohUque, each 
carried from the tuberosity of the ischium on one side, to 
the centre of the great sacro-sciatic ligament on the other. 
Of these diameters, the oblique and the transverse are 
about equal. The antero-posterior varies with the length 
and direction of the coccyx, which differ considerably in 
different individuals; it is also susceptible of increase and 
diminution, on account of the mobility of the coccyx. In 
the recent subject, the perinsBal is smaller than the abdo* 
minal strait. 

219. Cavity. The cavity of the true pelvis, or the 
pelvic excavation, is deep posteriorly, where it is bounded 
oy the sacro-coccygeal column, but very shallow in front. 



* The sphincter and levatores ani are attached to the tip of the 
coccyx ; the ischio-coccygei to the spine of each ischium, and to 
the lateral borders of the coccyx ; the gemellus superior and levator 
ani to the spine of the ischium ; the gemellus inferior, semi-tendi- 
nosus, semi-membranosus, long head of biceps, quadratus femoris, 
and lower fibres of adductor magnus, to toe tuberosity of the 
ischium ; the cms and erector, penis in the maXOyClUoridis, in the 
female, to the ramus of the ischium and pubes. The sacro-sciatic 
ligaments are attached, posteriorly, to t\i'a XaXeniiL Xaet^'s^ 'c^ "^^a^^ 
sacrum and coccyx ; the greai^T Xab^^n^ \s«W^ \sv. ^sw«l^^ ^^ "^s**^ 
-iuberoHly^ the lesser of the tpine, ol \2kiA \BK^xa^ 
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where it ooirespondB to the Bymphyaia pubis. The Ha>cnt> ' 
coccygeal column, bending forward at its estremitiee, con- 
tracts the aperturea of the true pelvis, and renders its cavity 
less capacious above and below than in the middle. The 
lower part of the eacavation is still further diminished by 
the inclination of the walls of the pelns, which slope 
towards each other from above downward. The two aper- 
tures, or straitg, of the true pelvis are inclined in different 
directions. The aiia of the upper, or abdominal strait 
(i.e. a hne passing at right angles through the centre of 
ite plane), if continued downward, would fall upon the 
lower third of the sacrum ; the aiis of the lower, or 
perinfeal strait, it prolonged upward, would fall on tha 
eacTO- vertebral angle, intersecting the former in the 
middle of the cavity. To convey the same fact otherwise, 
— if the planes of the two straita were continoed forward 
tUl they met, they would form an acute angle, with the 
apei directed forward. A brief description of this oaTitT 
might nm thns ; — the pelvic excavation is a short canal, 
more capacious above than below, and in the middle than 
at its extremities, curved, so as to present a convexity 
backward, and ont off very obliquely above and below, so 
that its posterior boundary is many times longer than the 
wall by which it is limited in front. 

The true pelvis is occupied, in the recent subject, by the 
urinary bladder, by the rectum, and by a portion of the 
organs of generation. The rectum corresponds to the 
anterior surface of the aacro- coccygeal column, the curva- 
ture of which it follows. The bladder lies in the anterior 
part of the cavity, close behind the symphysis pubis. In 
the female the womb intervenes, being suspended in the 
midst of the pelvis, in contact with the bladder anteriorly, 
and vrith the rectum behind. The passage which leads to 
the womb, and through which alone its contents can be 
discharged, passes through the lower strait of the pelvis ; 
through which strait, therefore, the fcetas must necea- 
sarily descend, in parturition. The female pelvis is 
adapted to the performance of this important function, by 
certain peculiantiea of form and size, an account of whici, 
irill be found in the following section. 

DIWBBENtlAI: CHARACTEBS OF THE MALE A»D ISWilX 

220. The made pelvis preaents a naitow, deep eicava- 
iionj with gmall apertures. Its bones aiettuc^.i.taiii-QB- 
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cnlar impresBioiiB are well marked, its angles are abrupt 
and prominent, and its general appearance is that of a 
strong framework, adapted to afford leverage to powerful 
mnscles. 

The female pelvis is not so deep as that of the male, 
bnt exceeds it considerably in the transverse, and antero- 
posterior dimensions. Its cavity is more capacious, its 
apertures are larger, its walls, are less massive and 
rough, its general contour is less angular and abrupt. 
The alje of the ossa innominata spread further outward ; 
the anterior superior spinous processes are removed to a 
greater distance from the median line, as also are the 
tuberosities of the ischium, and the acetabula ; (whence 
the prominence of the hip in the female.) The sacrum 
is wider and less curved, and, consequently, the sacro- 
vertebral angle less prominent, than in the male. The 
obturator foramen is somewhat triangular in form, and 
of a smaller size than in the male ; the ischiatic spines 
project less into the pelvic excavation ; the coccyx is more 
movable ;* the symphysis pubis not so deep. The upper 
aperture is more nearly circular, and its margin smoother, 
and more rounded. The pubic arch is wider and more 
curved ; and its rami are everted, so as to present shelv- 
ing surfaces, rather than angular edges, to any object 
descending through the perineal strait. By these several 
peculiarities of form and structure, the female pelvis is 
adapted to permit the expansion of the uterus during 
pregnancy, and the passage of the child in parturition. 
The following table of the average comparative dimen- 
sions of the male and female pelvis, according to the 
various estimates of Meckel, Cloquet, and Bums, is taken 
from Quain's Anatomy. 



* The joints of the female pelvis acquire an increased mobility 
during the last months of gestation ; the symphysis pubis, and the 
articmations of the coccyx, are especially relaxed. This change is 
at first temporary, but after frequent childbearing it becomes per- 
manent. The same cause is said to induce occasionally an actual 
alteration of structure. Of this a ver^ remarkable example has 
been noticed by Cruveilhier, in the pelvis of an aged female, who 
had borne nineteen children. In this instance the articular surfaces 
of the symphysis pubis had come into contact, and the inferior 
ligajnent baa disaj>peared ; while a fibrous capsule of great strength 
surrounded the joint on all sideSi except behind, and permitted a 
▼ery considerable motion. 
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221. Development. The foetal pelvis is smaller in 
proportion than that of the adult. Its lesser basin is 
especially diminutive, in accordance with the rudimentary 
condition of the organs of generation which it contains. 
The alsB of the ossa innominata are quite flat. The 
sacrum, and the pubic region, are very narrow ; so that 
the transverse diameters are shorter, in proportion, than 
the antero-posterior. 
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INCLINATION OF THE PELVIS. 




• 

In the 

adult 

male. 


lu the 

adult 

female. 


In the "not 
full-grown" 
unati8gewa>ch^ 
sen (sex and 
precise age 
not specified). 


A vertical line passing through both ends 
of the column of true vertebrae forms. 


With the antero-pos- 
terior diameter of the 
upper strait (measured 
from the promontory to 
the upper border of the 
sympnysis pubis) an 
angle of 

With the antero-pos- 
terior diameter of the 
lower strait (measured 
from the tip of the 
coccyx to the lower 
border of the symphysis 
i pubis) an angle of . . 


155° 
106°51 


150° 
101° 


164° 66 



N.6. The inclined line of each strait, falling upon the 
vertical line of the spine, of course forms with it two 
angles — an upper and a lower. It is the former which 
Naegele and Weber always mean when they speak of the 
" neigungswinkel ** (angle of inclination) of the strait^ and. 
to which the measurements in thft «3(KyR^^*^^<6 %:^'^« 
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Lastly, the fostal palvia is iaolined more obliqnely <a^ 
the vertebral coItuhh. tiian that of the adult. Dariog the 
interval between birth and puberty, these pecnliaritiea 
gradually disappear, and the pelvis acquires the shape, 
size, and position proper to adnlt age. The preceding Table 
exhibits uie iaolination of the pelvis, in the opposite seiea, 
and at different periods of life. The second colnmn 
fathered from Naegele'a work, Ueber das Weibliche 
Becken, Carlsmhe, 1825) ia the average of numerous and 
accurate meaBurements. The first and last colnmns are 
taken from a treatise entitied.Mechanikd^Menschliehen 
Qehwerkieuge, recently pttblished hy the brothers Weber. 

One of tlie methods employed by these auatomiats 
(described at page 128 of their wort), appears to me 
objectionable; and their recorded observations are too 
few to furnish, correct averages. Nevertheless, from their 
experiments, and from those of Naegele, we may safely 
draw this general conclusion ; that the deviation of 35^ 
bom the horizontal plane, assigned by Cloqaet, and 
others, to the pelvis, is too little by at least !10°. 

222. Mbchanisu and Uses. The nses of the pelvis, aa 
a cavity for the reception of certain viscera, a fnlcnim 
for the spine and lower ertreniities, and a centre of 
action to many powerful muscles, have been noticed in- 
cidentally in tne course of the foregoing description. It 
may be farther observed that the inclined position of this 
bony girdle adapts it to reduce the force of concussionB 
transmitted upward from the feet, and that the obliqns 
direction of the sacrum, which runs downward and back- 
ward from the base of the vertebral column, onuses the 
inertia of the trunk, when the body is carried forward by 
a sudden spring, to tell upon the surfaces of the aaoro- 
lumbar articulation, instead of straining its ligaments, aa 
would certainly happen if the joint were horizontal.* 



• A further distribution of the resiBlitni^ of inertia in ths notion 
of springing forward, resnlU from the cnrraturB of the lower part 
of the vertebraJ colnioii, which instead of Tiaing verticaUy hora tho 
BKrom, inclines obliqnol; forward and upward; bo that the gtndn 
Oi tho leap, which would otherwise fall almost exclusively on the 
last joinl nf the columo, ia divided between, at least, four of its 
lower BiticulationB. This point has been well clncidatod by Mayo, 
in the lUh chapter of bis "Outlines of Phyaiology ;" which chapter 
I take this opportnnitv of recommending lo the student, as a most 
adioirabl; wntten and instructive shclch nf the mechanism of the 
■keleton. It ia one of thit author's ablest pcrformantcs. and, in my 
oiuDioB. a laodei al philosophical composition ; in which character 
tJiaiB it would well reptf a frei^uenC paruBa\. 
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The student should also particularly notice the strong, 
prismatic thickening in the substance of the os inno- 
minatom, which extends, on each side, from the sacro-iliac 
symphysis to the top of the acetabulam. These two bony 
columns are the immediate supporters of the sacrum, 
which divides equally between them the weight of the 
superincumbent trunk. This pressure they transmit to 
the vaulted roof of either acetabulum, from which again 
it is transferred to the heads of the thigh-bones. The 
purpose of these two ribs, which are the thickest and 
strongest parts of the ossa innominata, is rendered the 
more obvious by the striking contrast which exists between 
their thickness and that of the bone in their immediate 
neighbourhood. While they are prisms of nearly an inch 
in diameter, the ilium, within half an inch above them, 
becomes as thin as paper, and semi-transparent. 

These groinings, and inclined articxdations, which occur 
in the pelvis, sdong the line of transmission of force, 
furnish a good illustration of the two principal laws 
which prevail throughout the structure of the skeleton — 
viz., first. That accumulation of osseous matter indicates, 
and is proportionate to, pressure to he sustained. Secondly, 
That frequency and obliquity of joints indicate, and are 
proportionate to, concussion to he distrihuted. 

The double wedge-like shape of the sacrum is a feature 
in the mechanism of the pelvis which has been noticed by 
several anatomists. Cruveilhier has pointed out, with 
his usual accuracy and clearness, the effect of that fomr 
in preventing the displacement of the bone bv any force 
actmg, either from above downward, or from oefore back- 
ward. For the bone is larger above than below, and is 
also (with certain exceptions, which will presently be 
stated) wider before than behind. But Cruveilhier appears 
to me to have fallen into error, when he goes on to state, 
that the provisions for preventing this bone from being 
driven forward, are but slight; that the powerful ap- 
paratus of posterior-sacro-iliac ligamentous fibres can only 
tend to resist the backward dislocation, and that the space 
between the ilia is, in its whole length, larger before than 
behind ; " douhle deposition " (as he states, in conclusion) 
** evidemment propre d f<woriser le deplacement du sacrwm 
d la partie antenewre. (" Anatomic Descriptive," vol. L 
p. 454.) The facts, and the conclusion, here advanced, are 
not in accordance with my own observations *^ ^\sl\s^Vsk:^^ 
satiafied me, on the contrary, t^\i "WjSdl \iaft Vsrss^. ^ *^M6i 
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sacrmn, and the dispoaition of its posterior ligameatB; are'" 
caliiixlated very atrongly to reaist the aDterior aisloBation — 
against which the hone ia farther defended by the shapo 
and position of the aim of the ilia. I shall offer a few 
remarka on each of these points in sncceasion. 

And first, with regard to the form of the aaflmm. 
Although it ia tme that, at the upper extremity of tha 
bone, the anterior surface is uaually two or three-eighths 
of an inch wider than the posterior, yet, npon dividing 
the hone by a aection, parallel with the plane of the upper 
atrait of the pelvis, and at ahont an inch and a half below 
its superior extremity {in other words, opposite to about 
the middle of the auricular surfa/;e), I have generally 
found these proportions reversed, the posterior anrface 
being here wider than the anterior, sometimes as much 
as h^lf an iucb, or even five-eighths,* seldom lesa than 
one-eighth. H^ an inch lower down, the anterior anr- 
face resumes the snperiority in width. These changes of 
proportion are illustrated in the annexed diagram, which 
repreaents three aections of the same aacmm : the first 
taken just below its upper extremity, the second three- 
fonrtha of an inch lower down, and the third half an 
inch below the second. In the first and third, the base 
of the wedgo ia turned forward ; in the second, it ia ob- 
viously directed backward. The figures are of the natural 
size ; and the exact points from which the meaanrements 
have been taken, are indicated by transverse lines, against 
■each of which its length, in inches and sirteontha of an 
inch, has been aet. The letters, which are the same in 
all the figurea, refer to the explanation appended to the 
diagram. In examining a large number of aacra, with a 
view to this particular point, 1 have found the form 
above described to be a general rule, liable to many in- 
dividual exceptions. Thus, in aome inatanoea, the back 
and front of the sacrum have been nearly equal in width, 
in the whole length of the auricular surface. In other 
specimens the anterior surface has been wider, for the 
same distance, than the posterior ; or, vUe versd, the pos- 
terior baa, more or Iws, exceeded the anterior in width. 
But these exceptions, so far from throwing donbt on the 
rule here laid down, have rather afforded it an indirect 



• I have Betn lint one epeotmoQ (in the colli^ction of ProfeaBOr 
Partridgel in which tha dinnranofi iunount«d to flve-niehthB, Tho 
amraga differeaae ia baCwsen an eighth and a, qoarter i^ nn Inch. 
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corroboration. For those sacra whloli have not pre- 
sented the ordinarj ohangea of proportion, have invari- 
ably possessed some compensating pecniiaritj of form, 
calculated to prodnce a similar result. Some, for in- 
stance, have presented a strong angle, projecting from 
each auricular surface, and fitting into a corresponding 
depreHsion on the articular surface of the ilinm; or, on 
the contrary, a depreasioQ in . the anricalar snrFace, 
adapted to an eminence of the oa innomiaatum. Not nn- 
frequently the sacnun has presented, opposite the middle 
of its aurioular snrface, a general contraction in the 
transverse dimension, obviously tending t« resist disloca- 
tion in every sense — whether upward, downward, forward, 
backward, or in any intermediate direction. In other 
specimens, the anricmar surface has eshjbited, on a trans- 
verse section, a series of undulations, all at the same 
horizontal level, and disposed in such a manner as to 
resist, alternately, the anterior and posterior dislocation. 
I have not space for sketches of all these varieties : but I 
will take the last mentioned, as one of the most remark- 
able, for illnstration- 

The annexed diagram (to which the esplanation of the 
former is applicable) represents, ou a reduced scale, three 
horizontal sections of a sacmm, wider behind than before 
in the whole length of the auricular surface (as may be 
deduced from a comparison of the measurements am- 
nesed to each figure). The form of this specimen, taken 
as a whole, is only calculated to oppose the advance of 
the bone, and has no tendency to resist the posterior 
dislocation. But on comparing the four measnrementB 
of the first section, the bone will be found to consist, in 
this part, of three wedges, of which the anterior and pos- 
terior have their bases behind, and their narrow ends 
directed forward, while the intervening one presents a 
contrai^ disposition. The two former tend to resist the 
anterior, and the latter, tie posterior dislocation. This 
arrangement sufficiently exemplifies the nature of the 
oompensation alludel to above. 

These iacts compel me to dissent from Gmvei!tuer*B 
opinion, so far as it relates to the form of the bone. 

With regard to the posterior sacro-iliac ligamenta, it ia 
to be observed, that many of their fibres run obiionely 
forward and inward, irom the ilinm to the sacmm. These 
fibres must necessarily be stretched by the advance of tha 
ione towards the cavity of the pelvis, and therefore can- 
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The numbered brackets indicate portions of the sacmm lying be-> 
tween the lines of measurement : and the annexed Table exhibits the 
tespective tendencies of the portions so comprised. By adding the 
two last columns, we find that the total amount of resistance pre- 
^nted by these three sections is, to the anterior dislocation »lo, to 
the posterior dislocation's. N.B. The portions marked with an' 
asterisk consist of two or more smaller portions ; and their effect is, 
of course, only the sum, or the difRsrence, of the effect of those 
smaller portions ; for which reason it is not taken separately into 
the account. 
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not fail to oppose ita diBlocatiou in that direction. ^ 
order to gatisfy mTself on. tliia point, I tried the following 
eiperimenL I divided, in h, recent pelvis, all the con- 
nexions between the eacmm and ossa innonunata, except 
the posterior Bocro-iliac ligaments ; and then, having 
fixed the ossa innominata, endeavoured to draw the 
sacrom forward ; but it reeisted mj strongest efforts. I 
then cat away part of the bone oppoaite the lower half of 
the sacro-iliac joint, in order that the wedge-like form of 
the Hacrnm might have no influence, either in promoting 
or preventing its advance ; bnt it stUl resisted my entire 
force applied from behind, though now retained in its 
position solely by the posterior sacro-iliac ligaments. 
This experiment may be easily repeated, and it appearato 
me to afford conclusive evidence that these hgamente are 
not favourable to the anterior dislocation. 

Looking, in the last place, to the form and position of 
these aliB of the ilia, we ehall find them calculated to 
furnish the upper half of the sacrum with an additional 
protection against the anterior dislocation. Their pos- 
terior extremities, which are very strong and massive, 
extend backward nearly two inches from the sacro-iliao 
articulation, and project on each side, so as to sustain 
the force of many shocks, which would otherwise tell 
npon the posterior surface of the sacrum. 

These several considerations lead me to think, that the 
anterior dislocation of the sacrum, so far from having 
been favoured by Nature, is quite as effectnally gnardett 
^[ainet as any other displacement to which the bone is 
liable. It is true, indeed, as Cruveilhier obaervea, in ex- 
planation of his opinion on this point, that the force 
which the sacrum habitually sustains (namely, the con- 
stant pressure of the trunk) tends always to thrust it 
downward and backward, and never, in any degree, 
towards the cavity of the pelvis. Bnt, on the other hand, 
the external violence to which the sacram is oocaaionally 
exposed, can operate only from behind, or from below, in 
no case from aVove or from before. And, if this bone, so 
well fortified against the constant strain to which it is 
exposed, had been left unprotected against dislocation by 
sndden shocks from wittiont, it would present a strange 
exception to the watehful providence of Nature against 
accidental violence, which is exemplified in the stnic- 
tare of every ;)art of the skeleton. It is indeed a re- 
jjiBriable reSectioa, — and one viitb vAuq\i \1iksa Qbaerva- 
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tions may be not inappropriately concluded, — that con* 
tingencies which may occur but once in fifty years, — 
which may never happen to some individuals, — are yet 
as elaborately provided against by Katnre, as those in* 
ternal strains, and tendencies to aisplacement or rupture, 
which are in incessant operation throughout the whole 
period of hfe. 



CHAPTEE V. 

OF THE EXTKBMITIES. 

223. The extremities are long, jointed appendages of 
the body, attached by one end to the trunk, and £ree in 
the rest of their extent. They are four in number ; an 
upper pair, depending from the thorax, chiefly subser- 
vient to tact and prehension ; a lower pair, connected with 
the pelvis, the principal agents in support and locomo- 
tion. To these the transcendental anatomists add the 
lower jaw, which they regard as a pair of limbs, joined 
together at their distal ends, and otherwise considerably 
modified for the function of mastication : but, neverthe* 
less, bearing precisely the same relation to the crcmial 
division of tae vertebral column, that the arms do to its 
thoracic, and the legs to its pelvic region. These analo* 
gies will be considered more in detail in our general re- 
view of the skeleton. In the present chapter we have 
only to describe the bones of each limb in succession ; 
subjoining some brief observations on their mechanism 
and uses. 

OF THE T7PPER EXTBEMITT. 

224. The upper extremity is divided, by descriptive 
anatomists, into four parts : the shoulder, the upper arm, 
the fore-wrm, and the hcmd. Of these parts only the 
three last ore recognised, by the transcendental anato* 
mists, as constituents of the upper extremity ^ the bones 
of the shoulder being referrea by them to the costal 
series. (See note *, page 150). This latter appears to me 
to be the legitimate arrangement, the former being at 
variance with the obvious analogies of the bones. But I 
shall here, as elsewhere in this work, follow the ordinary 
system, for the sake of its practical convenience, having 
previously set the student on his goaxd. «j|SKm5^» '-^ *^c^Kff:»«> 
letical ern>». 



225. The alioulder conaiBta of two bonea, the scajiuZa, 
and the clavkle. The suapula is a flat bone, reating on 
the eiterior aurface of the thorax. Tho clavicle ia a long 
bone, situated horizontally at the anterior part of the 
thorai, Just above the first rib. 



226. The acapnia ia a large, flat, thin bone, of triangu- 
lar form, lying on the posterior and lateral wall of the 
thorax, between tho first and seventh ribs. Taking a 
general sorvey of the scapula, the student will observe 
that it presents two aurfacea, three borders, and three 
angles. Of the angles one is tranoated, thicliened, and 
followed, by a concave, articular aurface, designed to re- 
ceive the rounded head of the arm-bone. This surface is 
named the glenoid caviiy, and the thicliened ajigle on 
which it occurs, may be called the head of the scapula. 
This head ia supported by a ahghtlv contracted portion 
called the neck ; and from the neck the thin, wide ala of 
the aeapula expanda. The ala is strengthened by its 
three thickened borders, which present the appearance of 
etout bony ribs, and are hence called the eoetm of the 
scapula. The anterior surface is concave, Uea npon the 
^uriace of the thorax, and is called the venter of the 
BOapnla, The posterior surface is convex, and derives 
from its backward aspect the name of doreuvu The dor- 
sum is traversed by a strong horizontal process of bone, 
called the spine of the acapnia. This eminence curves 
upward externally, and eipands into a flattened extremity, 
named the acromion, process, which projects forward so 
OS to overarch the glenoid cavity. The spine and the 
acromion are the two principal processes of the scapula ; 
there is a third, of smaller size, called the coraooid pro- 
cess, which arises from the upper border of the neck, and 
stretches forward, like the acromion, over the glenoid 

From this rapid sketch of the principal objects pre- 
sented by the scapula, and of their general relations to 
each other, ne may proceed, in the next place, to 
examine more nunutely, first, its head and neeh, with the 
aoracoid process which the neck supports ; then its bor> 
derg and anffleai and lastly, its Burfaces, ventral and 
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dorsal, witH tHe spine, and its acromion process, arising 
from tiie latter. 

227. Head. The head is an exp9.nded portion of bone, 
which occupies the external angle of tne acapnia, and 
supports the glenoid cavity.* The glenoid cavity is a 
wide, shallow^ articular depression ; of an ovoid shape, 
with its longest diameter directed from above downward 
and backward. It is wider below than above ; and its 
outline presents a close resemblance to that of the longi? 
tudinal section of a pear. Its direction, or aspect, is out- 
ward, forward, and a little downward. Its margin gives 
attachment to a ligament,t and supports, in the recent 
subject, a fibro-cartilaginous brim, by which the cavity is 
deepened. A strong tendonj takes origin from its sum- 
mit. The NECK is that contracted portion of bone 
which immediateljr supports the head. It is not sepa- 
rated by any definite boundary from the ala, into which 
it appears, as it were, to expand. Its contraction is more 
distinct behind than before, and below than at its upper 
part, where it supports the cobacoid process. This pro- 
cess has somewhat the appearance of a finger, half-bent, 
pointing forward and outward. It arises, • bv a strong 
wide root, from the upper border of the neck ; extends, 
for a little way, upward and inward ; and then, suddenly 
changing its direction, runs forward and outward, and 
passes, as we shall hereafter find, beneath the clavicle. 
The first, or ascending portion of the coracoid process, is 



* What we have here called the he€td, is usually described among 
the angles of the scapula, under the name of the external or arti- 
ctdar angle. Such an association appears to me to be highly 
objectionable. For while the two other angles are entirely insigni- 
ficant, being the mere incidental results of the junction of the 
borders, this articular expansion is, on the contrary, the essential 
element of the scapula, to which every other portion of the bone is 
obviously subordinate and accessory. It is to the muscles by 
which the head is moved, or maintained in its position, that the 
co8t€B afford leverage, and the oto an expanded insertion. The 
acromion and coracoid processes overarch and protect the head ; the 
spine strengthens the scapula precisely opposite to its centre ; and 
even in the depth and disposition of the /omcb, we shall presently 
discover a distinct adaptation to the functions of this portion of the 
bene. For these reasons we have placed it alone, and made it the 
starting point of our description ; at the same time enumerating it 
among the angles, that the student may bear in mind thq arrange- 
ment generally adopted. 
. t Capsular ligament of shoulder- joint. 

i Long head of biceps. 
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fiattened from before backward; it ie emootB, fitiS^fi^ 
aenta nothing remarkable for examination. The horizon- 
tal portion ia mnch narrower, and flattened in a different 
direction; — viu., from above downward. Its upper anr- 
&ce is rough, and gives attachment to ligaments ;* its 
inferior surface is smooth, and directed downward and 
backward towards the glenoid cavity, which it overhangs. 
The anterior margin of the procesa ia rough, and gives 
inaertion to a muscle.t Its posterior margin, likewise 
rough, attaches a ligament.^ Its summit, rounded and 
tubercular, affords origin to two musdes.S The angle 
■which the two portions of theooroooid form bj[ their junc- 
tion, gives attachment to a ligament,|| to which we shall 
have occasion to revert, in describing the superior border 
of the acapnia. 

228. BOKBEHfl or CosTjS. Exfemal or aaaillary, aome- 
timea also called inferior. This is a stout, bony rib, ex- 
tending from the head to the inferior angle of the bone. 
It is by far the thickest of the three costse, bnt it 
gradnally diminishes in thickness towards its lower ex- 
tremity. Its upper third is full half an inch wide, and 
presents a ehaflow, oblong depression or groove, which 
attaches a large muacle.^ Its middle third ia alao alightlj 
grooved, in the longitudinal sense, and ^ives origin w 
pari^ of a smaller muscle.** The lowest third presents an 
edge which attachea aome fibi-es of another muaclctf 
Sitperior. This is the shortest, and thinneat, of the threa 
costffi. It extends from the coracoid process to the pos- 
terior-superior angle of the bone, attaches a mu3cle,IJ and 
presents, eitemally, a aemicircular depreasion, called the 
supra- sco/pular notch. This notch is bonnded on the 
onter side by the coratioid process ; and the ligament 
which we have mentioned as being attached to the angle 
of that process, stretches across the notch, and converts 
it into a hole. Sometimes a slip of bone performs the 
office of this ligament ; in which case there la a complete 
Bapror^capvlar foramen, even in the dry bone. This hole 
gives pasaage to a nerve,§§ and oceaaionally alao to ves- 
sels. §§ Internal, or vertehral. This border is often called 

• The conoid poflteriorlj, the trapesoid in front. 

} Garaci>-brAQhla]is iDtem&lly, short bead of bicepa eiteroally. 

tl Supni'Bcapalar. 
r Long head of trioepa. •• Teres minor. ft Tares Bujor. 
tt Omo-bjoideiiB. H Ba^n-aHiQaUr. 
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tlie hose of the scapula. It extends from tlie uppermost to 
the lowest angle of tlie bone. It is the longest of the 
borders, but, in thickness, intermediate between the other 
two. It is not straight, but presents, at the junction of 
its upper one-fourth with its lower three-fourths, an 06- 
ttbse angle, the position of which should be borne in mind, 
as indicating the commencement of the spine of the 
scapula, and the limits of several muscular insertions. 
The base affords attachment to six muscles, of which 
one is attached to (what would be called, if IJiis border 
were thicker) its anterior lip,* two to its posterior lip,t 
and three to the mterval.X 

229. Angles. Inferior, Formed hj the junction of the 
axillary and vertebral borders. It is thick and rough, 
constitutes the lowest point of the bone, and gives origin 
to a few fibres of two muscles.§ Superior-anterior, This 
angle is truncated, and occupied by that thickened emi- 
nence, which bears the glenoid cavity, and has already 
been described as the head of the bone. The grounds 
upon which we have distinguished this angle, by giving 
it a separate paragraph, and selecting it for ilie opening 
of our description, are stated in note *, page 189. Superior' 
posterior. Formed by the junction of the upper and ver- 
tebral borders. It is thin, rounded, and smooth, forms 
the highest point of the bone, and gives insertion to some 
fibres of a muscle. || 

230. Surfaces. Posterior or dorsum. Convex from 
above downward, altematelv convex and concave in the 
transverse direction. Divided into two unequal portions 
by the spine of ths scapula^ which projects backward and 
upward from it, at the line of junction between its upper 
fourth and its lower three-fourths. The surface above the 
spine belongs to the fossa sv/j^a-spinaia ; the surface 
below it, to the fossa infra'spinata. The fossa supra- 
spvnaia is smooth and concave, wider internally than ex- 
ternally, and filled in the recent state by a muscle,^ the 
fibres of which are attached to its two internal thirds. 



* Serratus magnus. 

t Some fibres of snpni-spiiiatus, above the obtuse an^ ; of iufra- 
tpinatus, below that point. 

X Levator anguli scapnUe, above the angle ; rhomboideus minor, 
apposite the angle ; rhomboideus major, below the angle. 

§ Of the teres major, and (occasionally) of the lati&mxons^ ^<;st^ 

I Levator anguli scapula. \ ^u\ss%-«^\&»N»i2^ 
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Tbe vnfta-spinous faasa, ia more than three times as largo 
as the supra- epinouB fossa ; it preseiitB, eiternally, a 
long, wide groove, which nma parallel to the axillary 
horder; internal to that a convexity, mnning parallel to 
the groofe, of which it forms the inner boandary; and 
again, internal and superior to this convexity, another, 
bnt leas estensive concavity. Thia fossa is perforated by 
several nutrient foramina; it lodges a large muscle,* 
■which ia attached to its inner three-fonrths, hut only 
covers, without taking origin from, its outer fourth. The 
inira-spinouH fossa does not extend quite to the Eurillary 
Imrder, but ia bounded esteraally by a rough line, which, 
commences above, at the lower part of the head, and 
paaaes downward and backvrard to the vertebral border, 
whicli it joins about an inch above the inferior angle of 
the bone. This hne attaches an intermuscular apo- 
neurosis ;-f" it cuts off a long surface, of which the upper 
two-thirds are narrow, and give attachment to a small 
muBolej! while the lower third is much wider, and 
roughened for the insertion of a larger muacle.§ The 
wide and the narrow portions of this surface are separated 
by a line which runs obliqnely downward and backward 
from the asiDary border, and attaches an intermuacnlai 
aponearosia.ll Thia is aometimea called the ohliqae line 
oi the scapula. 

From the doBcrij)tion of those fossEe we pasa naturalhr 
to that of the sjAne, which serves as a sort of party- wall 
to separate them from, each other. 
* The spine or the sc.^pul.x. is a strong, triangular plate 
of bone, whose apex is situated at the vertebral border of 
the scapula, just opposite its obtuee angle (228); wbosa 
base ia placed externally, near the head of the bone ; while 
of its sides, one ia joined to the ala, the other, thick and 
free, gives attachment to muscles, and ia called the ereat. 
The apine does not extend quite across the dorsum, but 
stops short about half-an-incti from the head, leavJDg an. 
interval through which the supra and infra-apinata foaste 
communicate with each other. Its anrfaces are not hori- 
zontal ; the anperior looks forward and inward, as well 
as upward, and tbe inferior haa the contrary direction. 

* lafn-BpuiBtuB. 
t Wliich Hoparatoa tha infro-apiiiatua muscle from tho tcros ni»]or 
and minnr. t Tires to itior. J T err B major. 

I Which sepanitaB the teres maiol tnna Ika teiBs minor. 



SCAPULA. 198 

Both surfaces are sliglitly concave, perforated by one or 
two large nutrient foramina, wide near the head of the 
Bcapnla, gradnaUj narrowing as they approach the ver- 
tebral border. Tne superior surface contributes to the 
fossa supra-spinataf and attaches part of the mnscle 
which that fossa receives.* The inferior surface con- 
tributes in like manner to the fossa infra-spinata, and 
gives origin to the upper fibres of the muscle therein 
contaioed.f The spine, being of a triangular shape, hafl 
necessarily three borders. Of these, one is anterior, one 
external, and the third posterior. We have already 
noticed them slichtly, and with regard to the two former 
have httle to add. The anterior border is attached to the 
dorsum, and forms the root of the process. The external 
border, short, thick, and rounded, is continuous, below 
with the neck, and above with the under surface of the 
acromion process; intermediately it is smooth and free. 
The posteriar border, or crest, is wide, and presents two 
2ip«, separated by a rough interval. Each Vip of the 
crest gives attachment to a muscle,;]; but the interval is 
subcutaneous. The lips approach each other, and the 
interval is narrow, in the middle of the crest, but they 
diverge from each other at its extremity, externally, to 
become continuous with the borders of the acromion; 
vnternally, to join the base of the scapula, with which 
thej enclose a small, triangular, smooth surface, on 
which a tendon § j^lides. It is from the angle formed 
by the junction of the crest, with the external border 
01 the spine, that the acromion process springs. The 
ACBOMiON PBOCESS is large and strong ; it runs out- 
ward a little way, and then, forming an angle, directs 
itself forward and upward. It is flattened, like the spine, 
but in the opposite direction. If a plane were drawn 
parallel to the two surfaces of the acromion, and another 
parallel to the two surfaces of the spine, the two planes 
would cut each other nearly at right angles. Hence the 
upper surface of the acromion is contmuous, not with the 
upper surface of the spine, but with the interval between 
the lips of the crest. The acromion is slightly curved, 
and overarches the glenoid cavity. Its upper surface is 
convex and uneven ; it is directed upward, outward, and 



* SupraHspinatus. t Infra- spinatus. 

{ Tne upper lip to the trapezius, the lower lip to the deltAvd. 

S Of the trapeiixiB. 

O 
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backward, and Idea imiaediatelj beneath the skin of tbd 
shonlder, of wbioh it forma tbe smmiLit. Ita lower aurl'aoe, 
which ia smooth and concave, baa an opposite direction. 
The ertemal margin of tbe acromion is thick and tnber- 
eular, and attaches some fibres of a large mwBole.* Ita 
internal (or anterior) margin is coneave, attaches part of 
a mnscle,t and preaeutH, near tbe anmmit of the process, 
an oval, concave, articnlar surface, directed iaward, for- 
ward, and a bttle npward, for articulation with the ex- 
tremity of tbe clavicle. (236) Tbe tip of tbe acroroion. 
process is thin, and attaches a ligamentj 

Anterior Bwrface, or vent&r of tbe acapnia. This sur- 
face is chiefly occupied by a wide concavit;^, called tbe 
fossa mtbacafularis. Tbie fossa, however, is separated 
from the posterior border by a long, plane anrfaoe, from 
a gnarter to half an inch wide above, narrower below, 
atill narrower, often altogether deficient, in the middle, 
and serving for the attachment of a large muscle.§ The 
tubscajiiilar fossa ia traversed, in its two posterior thirds, 
by several rough lines, which pass from behind obliquely 
forward and upward. Ita anterior third is fjuite smooth. 
Tbe rough lines give origin to the tendiuoua intersectiona, 
and tbe intervening surfaces to tbe fleshy fibres of a 
lai^e muscle, which is lodged in this foeaa.|{ The smooth 
anterior third of the fossa is covered by the muscle, but 
does not give origin to any of ita fibres. (The eitremiW 
of the muacle passes beneath tbe coracoid process, which 
presents a smooth, concave surface, to permit its passage.) 

The sobscapnlar fossa presents, just at the level of tbe 
spine, a retiring angle, which may be called, from its 
position, the subscav-ular angle. As this angle has been 
bitberio overlooked by anatomists, or only noticed as a, 
sbgbt depression in the subscapular fossa,^ I shall, m 
this place, endeavourtoahowthatits depth is by no means 
inconsiderable, and that it serves an important purpose 
ia tbe economy of the shoulder. 

Fig. 1, in the annexed diagram, repreaenta a sectional 
view of a bnman scapula, divided longitudinally, about 
midway between the vertebral and ajdllarj borders, a a 

• DBlloid. t Trapezins. J Copipo-acromion. 

) Berratos magnus. [| SubBcapulnriB. 

t See, for inBlauue, Meckol's Maunol d'ADatomle, lom. i. p. 704. 

"EUe oOre Beolemeat une I^gtos d^presBion qui corri^apond & 

J'tfpwe," Jca. 
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is the spine, h c the snpra-spinons portion of tHe ala, 
•e d the infra-spinons portion of the ala. The spine, pro- 
jecting backwards from the ala forms with it two angles ; 
one above, a ch, which may be called the supra-spinoua 
a/agle ; and one below, a cd, which may be denominated 
the vnfra'Spinous angle. The remaining angle h c d is 
the subscapular angle. The straight line c e d passing 
throngh both ends of the infra-spinous portion of the 
ala, ma^ be taken to represent its general direction ; and 
the straight Hnes cb g and c a /indicate, in like manner, 
the respective directions of the snpra-spinous portion of the 
ala, and of the spine. As these three lines meet in the 
point c, aronnd which, as a centre, is described the circle 
efg, the three angles nnder consideration may be readily 
compared, by ascertaining how many degrees of the circle 
they respectively snbtend. This has been carefully 
measured, and the numbers obtained are seen in the 
diagram, each opposite to the angle which it numerically 
represents. 

In Fig. 2, which is a similar section of another scapula, 
the same letters are employed to indicate corresponding 

Earts ; and the circle, with the numbers attached to it, 
as the same meaning and pui'pose as in fig. 1. 
To facilitate the comparison of the angles, the results 
are subjoined in a tabular form. 

Subscapular angle in fig. 1 = 129° ... in fig. 2 = 129*^ 
Infra-spinous angle in fig. 1 = 136 J° ... in fig. 2 = 128°. 
Supra-spinous angle in fig. 1 = 94|° ... in fig. 2 = 102^°. 

MEAN OF THE TWO MEASIJBEMENTS. 

Subscapular angle = 129^°. 
Infra-spinous angle = 132|°. 
Supra-spinousangle = 98^°. 

Hence it appears that, in the first scapula, the sub- 
Bcapular angle is more abrupt, or nearer to a right angle, 
by 7i° than the infra-spinous angle; and that, in the 
second scapula, though it is more obtuse than the infra- 
spinous an^le, the difference is only 1^° in favour of the 
latter. The mean of the two measurements gives a 
difference of only 3^° between the infra-spinous and the 
subscapular angles. Without laying too much stress upon 
the results obtained by these few ob«&t^^\^T>L^^^*'^c^^::^s- 
tlie7 ma justify us in mienrnK, g^u«t«^-s><v^'<''<^^^^ 

0'^ 
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scapnlaT cwgle is a veiy considerable bend ii 

much too considerable to be ivithout a pnrpose ; wHcb it 

is our buBineBB, in the nest place, to aacertaiu * 

Now, I thiut that the use of this angle becomes obvious, 
when we consider, first, the position of the point c (figs. 
1, 2, and !)) with respect to the glenoid cavity ; Eecondly, 
the function of the muscles contained iu the three foseiB 
of the scapula, and the position of their nioat effective 
fibres; and tastlj, the manner iu which the subscapular 
angle affects the shape of the subscapular fossa, and the 
position of its deepest part. 

The point (c) is precieely opposite to th^ centre of the 
glenoid cavity. It will be seen, by reference to the 
diagram, to occupy the centre of a triaugnlar space, 
which represents the section of a horizonta.1, prismatic 
thickening, or rib, in the scapula. This rib coi 
at the base of the bone, and runs across the ala, in 
in strength as it proceeds to reach the centre of the glenoid 
cavity. It presents a strong analogy in its form and 
position to the prismatic rib which runs, in the os inno- 
minatum, from the acetabulum to the sacro-iUac joint. 
Of this we shall speak further hereafter. 

The junction of the muscles contained in the scapular 
fOBsee, is to draw the head of the humerus towards the 
scapula, and to maintain it in close contact with the 
surface of the glenoid C3,vity. The fibres most efficient to 
this end are those which lie in immediate vicinity of the 
prismatic rib c {and which are represented in section by 
the dotted circles, k, I, and m, fig, 3) ; because these fibres, 
and these only, act upon the humerus in a direction 
parallel to the line of motion required. Hence for the 
most advantageous disposition of the muscles iu question, 
it is rei^uisite that each fossa should have considerable 
depth in this part. The straight lines b a, b k, and 
a I, in fig. 3 (which, I should observe, represents the 
same section as fig. 1) enable the eve to estimate the 
general capacity of each fossa, and the relative depth of 
its different parts. The straight line e h shows the depth 

" The reseoa why this angle has hitherto esiMipod notice np- 
pears to be, thai it is filled up, and in a great m^sure obliterateii, 
SB it approBf hoa iha burdera of the scapula, b; the thickaniag of 
the bone towirda the head, on Dua band, tod at the vertebral 
ooati, OD the other. This sort of shelving away on each side de- 
oe/rea Ihu eye Ha to iha real abniptnesi of tha bead in the middle 
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wliicli tHe snbscapnlar fossa wonld have if tHere were no 
Bubscapnlar angle. In that case it wonld be deepest at 
», and extremely shallow, if not wholly deficient, opposite 
the point c ; so that the bulk of the subscapular muscle 
would be lodged in a disadvantageous position. In the 
present form of the scapula, ea^h fossa has its greatest 
depth opposite the point (c), and, consequently, the thickest 
part of each muscle lies i/n that precise position i/n 
which it can operate most effectively on the head of 
the humerus. 

The annexed diagram will, perhaps, enable the student 
to form a clear conception of the essential elements of 
the scapula, and of their relative position, 
independently of special form and dimen- * -^ 

sions. yS . i 

The curved line a b represents a section \ / 
of the glenoid cavity ; c d ia the prismatic d%m 
axis already alluded to, projecting from the 
back of the glenoid cavity, exactly opposite 
its centre ; e, /, and g, are three plates, 
springing from the angles of the prismatic 
axis ; one forming the spine, the other two 
constituting the supra and infra-spinous portions of the 
ala. Each plate is strengthened by a stout bony rib run- 
ning round its margin. In the human scapula the lower 
plate is four times as large as either of tne two upper, 
which are about equal in extent, and support each a pro- 
cess. 

231. Structttbe. Cellular in the heacL, processes, and 
other thickened parts, composed of a d^nse compact 
tissue in the rest of its extent. The ala is attenuated to 
semitransparency opposite the centres of the supra and 
infra-spinous fosses ; and, in some instances, the bone is 
absolutely deficient at these points, presenting natural 
perforations, through which the muscles of the venter 
and dorsum may come into contact with each other. 
Development. Anatomists are not agreed as to the 
number and position of the points, by wnich the ossifica- 
tion of the scapula takes place. CruveUhier, who has 
^ven particular attention to this branch of Einatomical 
inquiry, describes six ossific points in the scapula, one 
for the ala and spine, one for the coracoid process, two 
for the acromion, one for the vertebral border of the bone, 
and one for its inferior angle. Thft ^^^ ^'aswskR5t»K^w^"S^ 
the principal ossific centre •, it wp^«it^ ^a ^ ^^ ^$«^«k^2^ 



198 CLATICLB, | 

the aecond montli of fcetal life ; ajid tlie spine, which is 
H true apophijeie [aa contradiBtiDfruiBhed from an 
eptpi^Bts), begins, in the tlmd month, to protrude from 
its posterior Burfaee. The other points a,re coraple- 
jnentary, and appear snccessivelT at variouB ages, from 
birth np to fifteen years. Bach remains a detached 
epiphysis for several years after its appearance; and it 
is not till the period of growth is fully acoompUshcd, tlia.t 
the scapula is consolidated into a single piece. AsTicn- 
LiTiOBS. With the clavicle, by arthrodia, or eliding- 
joint, with the humerus, by enarthrosis, or ball-and-socket 
joint. The scapula derives a considerable support from 
the ribs, though cut off from direct contact with them by 
several intervening muscles. 



232. The clavicle, or collar-bone, is situated horizontally 
at the upper and lateral part of the thorax, immediately 
above the firat rib, the direction of which it crosses 
obliquely. The clavicle rests, internallj, against the 
apper border of the sternum, which serves it as a fulcmm ; 
and it articulates, at its outer estremity, with the acromion 
process of the scapula, which bone it follows in all its 
movements, preventing it from falling inward upon the 
thorax, and sustaining it firmly in the various positions 
which it assumes. 

The clavicle is nearly straight, with regard to the hori- 
zontal plane; but in the opposite sense it presents a double 
curvature, being convex m front, internally, concave in 
the same direction, at the opposite end. The clavicle is, 
moreover, twisted on its long axis, so that a suriace look- 
ing directly upward externally, is turned /ojwttrd, as well 
as upward, towards its sternal extremity. Or, to convey the 
same fact otherwise, the lines by whicli tlie clavicle ia 
traversed, pass somewhat spirally along the bone, so 
that the surfaces which lie between them necessarily vary 
in direction in different portions of their length. 

The clavicle, in the inner three-fourtlis of its extent, 
lias the form of a triangular prism ; but its outer fourth 
is flattened, so as to present a wide superior and inferior 
surface, separated by an anterior and posterior margin. 
In the natural position of the bone, the prismatic portion 
extends from the sternum to the coracoid process of the 
acapnia, and the Sai portion from t^o coiafaid ^tqc«sb to 
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tHe acromion. The prismatic portion is subject to consider* 
able variations of form. In ill-developed specimens it 
presents indistinct angles, and a smooth ronnded contour, 
80 that its surfaces mer^e into each other, and cannot be 
exactly defined. All its edges, on the contrary, are 
strongly pronounced in individuals of great muscular 
force, or who have exercised a trade rec[uiring hard and 
continuous manual labour. In these instances it often 
resembles a quadrangular, rather than a triangular prism. 
Indeed, the bulk, curvature, and angularity of the clavicle^ 
increase in direc t p roportion witn the exercise of the 
upper extremity. "Wnence, doubtless, it happens, that the 
clavicle is smoother, more slender, less curved, and (con» 
sequently) longer, in the female than in the male. 

The lines of the clavicle are rounded and indefinite to* 
wards the middle of the bone ; and, near the extremities, 
though sufficiently distinct, are apt to be confounded with 
certam irregular ndges, which are there occasioned by mus- 
cular and ligamentous attachments. These circumstances, 
together with the peculiarities of form frequently pre- 
sented by individual specimens, render the clavicle a very 
difficult bone for the student clearly to apprehend. The 
best practical rule, in this and in similar cases, is to pro- 
cure as many specimens as possible for reference, to retain 
them, during examination, in the natural position, and to 
commence with a rapid survey of the principal features, 
leaving such points as cannot readily be made out, for 
subsequent research, when some general notion of the form 
and relations of the bone shall h^ve been acquired.* 

233. From these introductory observations, we proceed 
to the minute description of the clavicle, in wmch we 
shall adopt the arrangement suggested by its natural 
divisions; considering, in the f&st place, its external 
flattened portion, secondly, its prismaiic portion, and 
lastly, its extrendties, 

2&i. Flat foetion of the clavicle. Is curved so as 



* The plan of occasionally deferring for a while the considera- 
tion of difficult points, is one of great practical utility in the study 
of all branches of science, and especially, perhaps, of anatomy. 
For the sequel of a description often throws light upon its com- 
mencement ; and the more striking objects, noticed in a preliminary 
survey, serve afterwards as landmarks and guides, to mdicate the 
position of minute particulars, which might otherwise have cost 
the student much uncertain ana tedious investigation^ or QvetLha?(^ 
entirely eluded his xesearclL 
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to present a concave edge in front, and ofiers for e: 
tion an upper and a lower surface, separated by an 
anterior and a posterior harder. SuHPACBfi. Siiptrior. 
Coaves, rough, perforated with nutrient foramina, and 
covered, in the recent auhject, by the interlaced aponen- 
rosis of two mnaclcH.* whose fleshy fibres encroach a little 
upon it before and behind. Inferior. Uneven, and per- 
forated with small vascular apertures. It presents at its 
posterior pari; a taberde which is situated just where the 
fiattened portion of the bone joina the pritmatie portion. 



lattened portion of the bone joina the pri^matie portion. 

iliis rciu^ eminence is called the tuberosity of the aaviele ; 
it anrmotintB, in the skeleton, the cordcoid process of the 
acapnia, and gives attachment to a strong ligament.t 
From the tuberosity a rough ridge mns ontward and for- 
ward, to the extremity of the bone, crossing obliquely the 
inferior anriaee of the flattened portion. This is called 
the obliqtie line of the clavicle, and giyes attachment to 
another strong ligament.J Bomjbks. Anterior. Thin, 
concave, and rongh, for the insertion of a muscle. § Pog' 
terior. Much thicker than the anterior, and often so flat 
as to deserve the name of a surface (indeed, it is con- 
tinnons, as we shall presently And, with the posterior 
surface of the prismatic portion). It is rough, and gives 
atta^ihment to a muscle. || 

235. PEisMiTic PORTION. Cnrved, so as to offer a con- 
vexity in front, and twisted on its axis, so that the aspect 
of ite surfaces varies in difierent portions of their length. 
It presents three surfaces, separated by three lines or 
borders. Surpacks. Anterior. Convoi, directed forward, 
and a little npward, at its sternal end, forward, 
outward, and considerably more upward, at its acromial 
extremity, where it becomes continuona with the superior 
surface of the flat portion. It presents, internally, the 
impression of a muscle;^ eiterually it is smooth, and 
nearly subcntaneons, being only covered by an extremely 
thin muscular expansion,** and by some nervous filo- 
ments.tt Posterior. Concave and smooth, directed back- 
ward and upward at its inner extremity, backward, inward, 
and a little downward, towards its outer eitremitj, where 



■ Belloid and trapeziDB. t Oonold. 

1 Tmpoioid. § Deltoid. || TrapniinsL 

t Stemo-olBiao-nMBtoidena. *• PlatyBii ■■'— 



a thmneli tbB Btibataase 



cervical plexus (ono of which a 
"■ ' lb). 
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it presents the foramen for the principal nutrient artery 
of the bone,* and becomes continuous with the posterior 
border of the flat portion. This surfaces corresponds in 
ihe recent subject, to large and important nerves,t and 
vessels. J Inferior. Bough, perforated by numerous vas- 
cular foramina, gradually increasing in width toward its 
outer extremity, where it is continuous with the inferior 
surface of the flat portion. It is marked with a rough, 
longitudinal groove, wider externally than internally, 
which is called the subclavian groove, and gives insertion, 
by its concavity, to a muscle,§ and by its anterior lip, to a 
sirong aponeurosis. || Internal to this groove, there is a 
rough impression, called the rhomboid impreseion, for the 
attachment of a ligament;^ and, still further inward, 
there freauently appears a little narrow facet, by which 
the clavicle articulates with the cartilage of the first rib. 
BoBDEBS. Siiperior, Separates the anterior from the 
posterior surface, is rounded and indistinct internally, 
more obvious externally, where it joins the posterior 
border of the flat portion. Anterior. Separates the 
anterior from the inferior surface. It is rough internally 
for the attachment of a muscle,** and continuous exter- 
nally with the anterior margin of the flat portion (which 
also gives insertion to a muscle) .ft Near the junction of 
the prismatic and flat portions, this border of the clavicle 
presents a little smooth space to which no muscular fibres 
are attached. Posterior. Separates the inferior from the 
posterior surface. It is not always very distinct, but it 
follows the direction of a Hne drawn from the rhomboid 
impression to the tuberosity of the clavicle, along the 
posterior border of the subclavian groove. 

236. Extremities. Inner, or sternal. Presents a tri- 
angular, articular surface, directed downward, inward, 
and forward, concave from before forward, slightly con- 
vex in the opposite direction, and united, by the inter- 
vention of an inter-articular fibro-cartilage, with the 
corresponding depression in the upper margin of the 



* Generally said by anatomists to occur in the subclavian groove, 
in which j^osition, however, it is very rarely to be found, 
t Brachial plexus. % Subclavian artery and vein. 

§ Subclavius. | Aponeurosis of the subclavius. 

^ Costo-clavicular. 
** Clavicular division, or portio attollens^ of the ^^loAKic^^'c&s^^. 

It TrapQzi\xa, 
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mannbrium. Of its three anglea, the posierior^nferiof ' 
ia distinguisliod by being prolonged downward and "back- 
ward, BO aa to render this Hurfac* conaiderablj larger 
than the surface with which it a,rticulates ; the nuperwr 
ia connected, by ligamentouB fibres, with the upper ei- 
tremity of the fibro -cartilage of tlie joint ; tie anlerior- 
inferior ia nowise remarkable. Thia eitremity of the 
clavicle ia aurronnded by a rough border, into whioh 
eeveral ligamenta* are inserted. Outer. Presents an 
otbI, articular facet, generally convex, aometimeB slightly 
concave, directed forward and outward, to articulate witt 
a correapondin^ depreasion on the acromion proceaa of 
the scapula. The borders of this facet give attachment 
to !iganients.+ 

237. Strhcttrs, If its shape and functions assimi- 
late the clavicle to the cylindrical bonea of the extremities, 
while its tranacen dental analogiea determine ita position, 
in the coatal aeriea, this doubw relation is ia exact ac- 
cordance with the interior conformation of the bone. 
Like the ribs it is very elastic, and cellular in the abaft 
as well as at the extremities; like the long bones, it ia 
invested with a compact layer thicker near the middle 
than at either end, and posaesaes a meduUaiy can^, small 
indeed, and indistinct, but sufficient to indicate an ap- 
proximation to the cylindrical form. DBVBiopMEaT, The 
bulk of the clavicle ossifies from a single point. A tliin 
lamina, however, is subsequently developed at eack ex- 
tremity, as a separate epiphysis, which ultimately 
coalesces with the body of the bone. AaTicELiiioN. 
With the first bone of the etemum, and with the 
scapula. Frequently also with the cartilage of the first 
rib. 



233. The clavicle haa alwaya been supposed to posaess 
a certain elasticity in virtue of its double curvature ; bnt 
no attempt, I believe, has hitherto been made to ascer- 
tain, by direct experiment, the amount of ita resilient 
property. I have endeavoured, by the following eiperi- 
ments, to obtain an approximative measurement of the 
elastic force reeident in thia bone. 

■ Anterior and posterior Btemo-cUvicUlor ligamonte, nnd inter- 
e/a viculsr Jigaiaen t, 
t ^uporforsnd iii/erJariicrQimo-QUTvnt\&i. 
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A clavicle was taken from a well-developed, middle-aged 
male snbject, shorUj after death, and laid n2)on a smooth 
surface, with its shaft perpendicular to the plane of a 
wall, against which its inner extremity rested. 

Upon the outer extremity of the bone, thus disposed, 
a smart blow was struck with a hammer, in the direction 
of its long axis. The hammer rebounded from the end 
of the bone, which sprang to a distance of nearly two feet 
from the wall. My friend, Mr. Fergus, in whose jjresence 
the trial was made, suggested that the effect might de- 
pend, in some measure, on the elasticity of the cartilage 
with which the ends of the bone are invested. This ob- 
jection was readily met by scraping off the cartilage, and 
repeating the experiment. The result proved the elas- 
ticity to 1)0 independent of the cartilage; for the bone 
sprang as far, in some of the trials even farther, than 
biefore. The bone was afterwards laid upon a stone floor, 
in such a position that it rested, like an arch, upon its 
two extremities, and presented the convexity of its pris- 
matic portion towards the ceiling. A downward blow 
bein^ struck upon this convexity, the bone sprang up- 
ward to a heignt of about a foot (as nearly as I could 
judge) from the ground. (The use of the hammer in 
these experiments is attended with some inconvenience. 
The extremity of the bone is ant to be crushed or splin- 
tered by too neavy a blow ; ana it eludes a stroke in the 
least degree oblique. In subsequent trials I have em- 
ployed, with advantage, a stout rod of wood, in place of 
an iron hammer.) 

From these observations we maj infer, in general terms, 
that the clavicle possesses sufficient longitudinal elastic 
force to throw its own weight nearly two feet on a level 
surface ; and sufficient transverse elastic force, opposite 
the centre of its anterior convexity, to raise its own weight 
about one foot vertically. 

The physiological erolanation of these facts is obvious. 
The clavicle is endowed with this remarkable amount of 
resilience, on account of the frequency and violence of 
the concussions to which it is exposed, and also of its im- 

Sortance, as a support to the upper extremity, and a 
efence for the large vessels and nerves which lie imme- 
diately beneath it. We shall offer some remarks, in 
further illustration of this subject, when we come to 
describe the slighter curvatures of tlbi^ xqiAxqa ^s^^s^^o^s^*. 



OP THE SSOULDEE IN OBNBEAI,. 

239. The shoulder, formed of the two bones that have 
now been described, ia a movaible folcrum, which Bopports 
the humerus ia its position at the side of the thorai, and 
at the same tirne allows it great latitude of motion. For 
this pnrpoHe it presents a horizontal hranch in front, a 
vertical Otte behind. The horizontal branch, the clavicle, 
resting against the stemnm, pre^enta the humeruH from 
fallittg inward. Caired, and highly elastic, it has the 
power oi sustaining, without fracture, eoncussions of 
considerable violence, in the direction of its length ; the 
arched and prismatic form of its body enables tt to resist 
blows coming from the front ; while the pecuKar form of 
its sternal articular surface, which is alternately convex 
aad concave, and fitted with an elastic, movable fibro- 
cartUage, gives it considerahle freedom of motion, both in 
the horizontal and vertical plane. The posterior, verti- 
cal lever, the scapula, being confined by no other articu- 
lation than that between tne acromion process and the 
clavicle, of course enjoys the utmost possible variety and 
extent of motion ; and, at the same time, the constant 
apposition of its large anterior surface to the surface of 
the thorax (on which it glides freely by the interposition 
of flat muscles), keeps it firm and stcajiy in every positiou 
that it assumes ; while the costse, and processes, which 
run, in every direction, from the neighbourhood of the 
glenoid cavity, afford powerful leverage to the muscles by 
which it is moved. 

240. The shoulders, projecting outward on each side, 
alter the apparent dimensions oi the thorax, giving it the 
appearance of an inverted cone, whereas, m fact, it is 
larger below than above, 

OF inE AEM. 

241. The arm is formed by a single bone, the Imnienti. 



242. Depending from the shoulder above, and support- 
ing the fore-arm below, this bone is the longest and largest 
of the upper extremity. It is cylindricuJ above, twisted 
oa its axiB in the middle, prismatic and flattened below ; 
ond it preseata, for eiamination, ^ BuperioT said, an in- 
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. ferior extremity, between which is extended the body, or 
shafiy of the bone. 

243. SuPERiOB EXTBEMiTY. The largest and strongest 
portion of the bone. It presents a large globular head, 
supported by a very short neck, which separates it from 
two non-articular eminences, called the greater and leaser 
tuberosities of the humerus. Head. Nearly hemispheri- 
cal, covered, in the^ recent state, with articular cartilage, 
and set obliquely on the shaft, so as to look upward, in- 
ward, and a little backward. It is received into the gle- 
noid cavity of the scapula, with which it forms the ball- 
and-socket ioint of the shoulder. The smooth, convex 
surface of the head is limited all round by an uneven 
margin, below which is the contracted portion already 
alluded to as the neck. This is distinguished by the 
epithet anatomical, lest it shoald be confounded with the 
surgical neck of the humerus, which is situated just be- 
low the tuberosities, and has been so named on account 
of its liability to fracture. The anatomical neck is very 
short above, where it presents the appearance of a nar- 
row groove separating the head from the tuberosities ; it 
becomes longer below, where the direction of its axis, 
forming an obtuse angle with the axis of the shaft, may 
be readily distingaished. The anatomical neck is per- 
forated below by several vascular foramina, and fives 
attachment, in its whole circumference, to a strong liga- 
ment.* TuBEEOsiTiES. Greater. Situated at the outer 
side of the bone, external to the head, and to the lesser 
tuberosity. Its outer surface is broad, convex, and con- 
tinuous with the external surface of the shaft. Its supe- 
rior surface is divided, by two slight ridges, into three 
flat facets, an anterior, a middle, and a posterior, each of 
which gives attachment to a muscle.f Lesser. This 
tuberosity is the more prominent of the two, notwith- 
standing its inferiority in bulk. It is situated in front of 
the head, anterior and internal to the greater tuberosity, 
from which it is separated by the bicipital groove. (247) 
It presents a rough, tubercular summit, for the attach- 
ment of a muscle.j; It is just below these tuberosities 



* Oapsular ligament of shoulder-joint, 
t The anterior to the supra-spinatus, the middle to the infra- 
spinatus, the posterior to the teres minor. 

% Subscapnlaris. 



that the bone, bepinning to contract, tales the name of 
the gu-rgical neck. 

24i. iNPeaioR extremity. Curved forward a little, and 
flattened from before backward, so that its transverse 

ritty exceeds its antero-posterior diameter. It presenta 
examination an undulating terminal aTtioular surf ace, 
flanked by two tnbercalar eminences called the condyleg 



respectively, the olecranon depreesinn, o , 
the coroiwred depression, or fosea aiiterior major, and the 
radial depression, ot fossa anterior •minor. Condyles. 
Two rough non-articular eminences, projecting, one on 
each side, from the lower estremitj of the humeruB, for 
the attachment o£ muscles B,nd ligaoients.* The mfemoZ 
condyle is by far the more prominent of the two, and 
presenta a slie;ht) j enlarged eummit, turned a little back- 
ward. The eirtentaZ condyle is flattened and tubercular. 
These eminencea are continuous above with the sharp, 
curved ridges, by which the inner and outer borders of the 
shaft commence. ABTicucAa surpacb. LonRest in the 
trnnsverse direction, and sloped obliquely, so as to desoend 
lower internally than esternally. This obKquity of the 
inferior articular surface has (as we shall hereafter de- 
monstrate) an important influence on the position of the 
fore-arm in flexion. Its direction and degree may ba 
gathered from the observation, that when the lower ex- 
tremity of the humerus is made to rest on a horizontal 
plane, the upper end of the bone is thrown outward, full 
two inches and a half, from the perpendicular. The in- 
ferior articular snrtace is divided, by a shallow groove, 
into two lateral portions, viz., an external, small, globular 
' eminence, called the lesser head, or radial tuberosily, of 
the ftumerus ; and an internal, wide, pulley-lite surface, 
called the trochlea,. The lesser head is received into a cup- 
like cavity on the upper extremity of the radius. It does 
not eitead to the posterior aurfece of the humerus, but 

■ TbeeilanuJcMtndyloattscbeSHtt'iidoDFommuD to thaeitensor 
tarpi mdialia brevier, extensor communiB digitonim, extflOBor pro- 
priuB minimi digili, and eilanBor carpi ulnaris; it also gives origin 
to tbe aODOunus, lo the BUpiu&tur bravls, and tbs eitomal lateral 
lignment of tbo elbow-joint. 

The intsnul condyle givea origin (o tha common tendon of tbe 
proniitor radii tarag, the fleior carpi ladialia, tbo palmaria longDS, 
tbe Seior carpi oloans, and tbe fleior digitorum aubliuiis i also to 
the iiileraal lateral lifsiaasui of the elbo'" -joint. 
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appears only on the fore part, and end, of the bone. The 
groove, which intervenes between the lesser head and the 
trochlea, is occnpied by the inner margin of the above- 
mentioned cnp-like cavity on the npper extremity of the 
radius. The trochlea turns over the end of the bone, so 
as to be equally apparent before, behind, and below. It 
is convex from betore backward, concave from side to 
aide, presenting two lateral margins separated by a shallow 
groove. This groove is wider and deeper on the posterior, 
than on the anterior aspect of the trochlea. It is embraced 
by the sigmoid cavity of the ulna, (258) to the undulations 
01 which it presents a converse resemblance. The outer 
margin of the trochlea, narrow and little prominent, cor- 
responds, in the elbow-joint, to the interval between the 
radius and ulna. The inner margin of the trochlea is 
considerably thicker, and, by its projection (which is espe- 
cially evident before and below), gives to this surface the 
obliquity already described. If we enumerate, from with- 
out inward, the series of alternate eminences and de- 
pressions presented by this remarkable surface, we shall 
nave, 1st, the lesser head, 2ndly, the narrow groove of 
separation, 3rdly, the outer m/i/rgin of the trochlea, 4thly, 
the Groove of the trochlea, Sthly, the inner margin of the 
trocnlea. Foss^. Of the three fossae of this extremity, 
the fossa m^axima, or olecranon depression, is by far the 
largest and most important. It is a deep, triangular ex- 
cavation, situated immediately above the trochlea, on the 
posterior aspect of the humerus, and designed to'receive 
the olecranon process of the ulna, during extension of the 
fore-arm. The fossa anterior major, second in size and 
depth, is placed above the trochlea, on the anterior sur- 
face of the bone, exactly opposite to the last-described, to 
which it is similar in form. This fossa receives the coro- 
noid process of the ulna, when the fore-arm is flexed, and 
hence derives the name of coronoid depression. Its 
borders give attachment to a ligament.* The olecranon 
and coronoid fosses are lined, in the recent subject, by the 
synovial membrane of the elbow-joint ; in the skeleton, 
they are only separated at the bottom by a thin, dia- 
phanous lamina of bone. In strongly marked specimens, 
this lamina sometimes presents a perforation, through 
which the tip of either process of the ulna may enter 



* Anterior ligament oi eWNrRT-Vasib^ 



the fossa appropriated to the other. The fogsa anterior 
■minor, or radial d&preesio'ii, is a ahght indentation, aitn- 
ated on the anterior aurface, imniediately above the lesaer 
head. It is indiatinot, often indeed scarcely perceptible, 
a,nd receiTes the anterior margin of the head of the radios, 
in eitreme flexion of the fore-arm. 

245. Body. Irregalarly cyhr.drical above, prismatic 
and flattened below, it presents in the middle a twisted 
appearance, as if its two extremities had been turned in 
opposite directions, the superior outward, the inferior in- 
ward. In conseijuence of this twist, its surfaces have 
different aspects m different portions of their length, a 
enrface which is anterior above, becoming internal below, 
&a. The abaft presents for examination three borders, 
separating three trarfaces. 

246. Borders. Anterior. Buns from the anterior part 
of the greater tuberosity to the fossa anterior major, 
separating the internal from the erternal surface. It is 
rough and prominent above, where it forms the outer 
margin of the bicipital groove (247) and attaches a muscle ;* 
roogn also in the middle, where it forms the anterior 
boundary of the deltoid impreenon (247) and attaches 
part of another muscle ;t smooth and rounded below, 
where it is covered by a third muscle. J External. Bona 
from the posterior part of the greater tuberosity to the 
external condyle, separating the external from Uie pos- 
terior surface. It is rounded and indistinct at its upper 
part, where it gives attachment to a mnacle ;§ intermpted 
m the middle by the mueculo-spiral groove; (247) curved 
forward, and very prominent below, where it attaches 
two muscles. II and an aponeurosis,^ Internal, Bnns 
from the lesser tuberosity to the internal condyle, sepa- 
rating the internal from the posterior aurface. It is 
prominent above, where it forms the inner margin of the 
bicipital groove, and gives attachment to three muscles;** 
very prominent, and curved inward, below, where it 
attaches, lite the last described, an aponeurotic septnm.ff 
Intermediately it is rounded and indistinct. 

• PeotonliB majnr. t Deltoid. f Brachialia untlcns. 

( The long head of tha triceps eilfinaor cabiti. 
{{ Sapioator radii longnB, above; exteu Bur carpi radialia longior, 
below. T ExlemalinlermuBciilaraponeiiroitiB. 

" The united tendous of tfae tr-res major and latiBsimuB dorsi 
mbov^ and tbe Hbnrt bead of ttie triceps extoDSor dubiti bulow. 
ft lutenal inlenaOBCi^ opomemoBU. 
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247. Surfaces. Posterior, Flat, BmootH, and ex- 
panded below, where it looks somewhat ontward, as 
well as backward; ronnded above, where it inclines a 
little inward. It is covered by a large muscle,* to 
which it gives attachment by its lower third, and also 
by its npper and onter part. Internal, Looks for- 
ward above, forward and inward below. At its npper 
part it is rendered very narrow, by the approximation of 
the inner and outer lines to form the bicipital groove. This 
groove (named after a tendon, which it serves to 
transinit),t commences above, between the two tuberosi- 
ties; runs downward and a little inward, becoming 
gradually shallower ; and disappears near the junction 
of the upper and middle thirds of the bone. Its margins 
are rough for the attachment of muscles ; its concavity is 
smooth, and covered in the recent subject with a pro- 
longation of the cartUage, and synovial membrane of the 
shoulder-joint. This suriface is marked, halfway down, 
by the coro/co-hrachial vnypression, a narrow, rough surface, 
which attaches a muscle,!|; and presents the med/ullary 
f(yramefai running obliquely dmanwards into the bone. At 
its lower part it is smooth, and gives attachment to 
muscular fibres.§ External, Looks outward above, 
where it is rounded, and covered by a muscle ;|| obliquely 
outward and forward below, where it is flat, curves a 
little forward, and gives origin to part of a muscle.^ It 
is traversed in the middle oy a broad shallow groove, 
which runs spirally from behind forward and downward, 
is called the muacvlo-spvral groove, and transmits a nerve,** 
and an artery .ff This groove is bounded above by the 
deltoid imvpreseion, a triangular, rough surface, of con- 
siderable extent, which gives insertion to a large muscle 
of the same name. 

248. Stbucttjre. The shaft of the humerus is a cylinder 
of compact tissue, hollowed by a large medullary canal ; 
its extremities contain a large quantity of very light 

* The triceps extensor cubiti, the long head of which takes 
origin from its upper and outer part, while the fleshy mass formed 
by the three united heads of the muscle, derives accessory fibres 
rom its lower third. 

t That of the long head of the biceps flexor cubitL 
X Goraco-brachialis. S Of the brachialis anticus. 

I Deltoid. ^ Brachialis anticus. ** Musculo-spiral. 

ft A branch of the superior profundai frecyieii^V^ c»2^<^\S2s^%\s£Qab- 
culo-spiral artery. 
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cancellous tissae, covorod by a thin layer of compact. 
Detblopment. By eight points, of wbjoli three are in the 
upper ertremity, one for each tuberosity, and one for the 
head, four in the lower extremiW, one for each condyle, 
one for the trochlear groove, and one for the radial tnba- 
rosity, or lesaer head. The remaiaing point, which is tha ] 
first, both in importance, and ia the order of appearance, 1 
ia eitnated in the middle of the shaft, whence it gradually ' 
extends itself towards the eitremities. The shaft of the 
humerns b^na to oasiiy between the thirtieth and 
fortieth day of fcctal life. The ertremitiee remain entirely 
cartilaginous during the first year after birth. From that 
time up to sixteen years of age, the osaific points suc- 
cessively appear ; nor is it till the eighteenth, or even 
the twentieth year, that the osaiflc union of the hody 
and eitremifcies becomes complete, AmicTiLiriQNS. Witn 
the scapula, radios, and ulna, by the points specified 
above. 

MBCHiNisM AND USES. The mechanism of tlie upper 
arm, and especially of its articulation with the shoulder, 
is BO intimately connected with that of the adjacent 
muBolea and ligaraenta, and presents so few purely osteo- 
logical points, that its cousideration hardly falls within 
the scope of the present treatise. Wiat we have chiefly 
Lere to observe, is the combined freedom and variety trf 
motion possessed by the shoulder-Joint, in virtue of the 
shallowness of the glenoid cavity ; and the security from 
dislocation afibrded to the humerus, by the overhangintf 
Vault of the acromion and coracoid processes. The shap* 
of the humerus is adapted to the pOTformance of motions 
of velocity, by the little prominence of Uie tuberosities, 
and by tneir close approximation to the shoulder-joint. 
It results from this disposition, that several powerinl 
muscles operate upon the bone, in the immediate vicinil™' 
of its tnnung-point, or fulcrum ; so that the apace through 
which they draw their reapective points of insertion, is 
many times multiplied at the opposite end of the lever. 
We shall hereafter find, in the elongated neck, and pro- 
jecting troohantera, of the thigh-bone (which is the ana< 
logne of the humerus m the lower extremity), proviaiona 
of a preciaely opposite tendency. 
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OF THE FOBE-ABM. 

249. The fore-ourm extends from the elbow to the 
wrist, and is formed of two bones, the radms and the 
ubia, 

OP THE KADIUS. 

250. A prismatic, slightly-curved bone, larger below 
than above, and situated at the outer part of the fore- 
arm, parallel with the ulna, to which it is inferior in 
length and bulk. Like all the long bones, it presents for 
examination a shaft or hoch/, and two extremities. As 
the shaft is divided into surfaces, by lines which arise 
from particular points at each end oi the bone, its study 
is greatly facilitated by the previous description of the 
extremities, 

251. Upper extremity. Is smaller than the lower, 
and presents a head, a neck, and a tuberosity. Head. 
This 18 the expanded articular summit of the bone. It 
is hollowed above by a cup-like depression, which receives 
the radial tuberosity, or lesser head, of the humerus ; and 
it presents a smootn, cartilaginous circumference, broader 
internally, where it articulates with the sigmoid cavity of 
the ulna, (268) than externally, where it is embraced by a 
ligament.* Neck. This name is given to the round, 
smooth, constricted portion of the bone, which supports 
the head. It is the slenderest part of the radius, and 
surrounded by the ligament which embraces the head. 
Bicipital tuberosity. An eminence situated at the in- 
ner and fore part of the bone, just where the neck joins 
the body. It is divided inte two parts, a posterior, rough 
and tubercular, an anterior, smooth ; the rough portion 
gives insertion te a tendon,t which glides over the smooth 
surface. 

252. Lower extremity. Large and quadrilateral ; this 
extremity presents five sv/rfaces, and a styloid process, for 
description. Surfaces. Inferior, or termvnat. Concave, 
smooth, directed obHquely downward and inward, tri- 
angular in form, with the apex of the triangle outward, 
and divided, by a line which runs from before backward, 
into two parts ; an external, triangular for articulation 
with the scaphoid bone ; an vntemal, quadrilateral for 



* Annular ligament. t Thatof tb!b\Afi«^^^'S£si^sci^(si^ 
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artionlation with the Berailnnar bone. Anterior. GcOi- 
tinnona with, the correapondiag aurfaoe of the bodj, and 
Bomewh&t roDgh for the attachmeat of a hgament.* Et^ 
temal. This aurfaoe is prolonged downward upon tha 
atyloidpromse, a. hlant pyramidal eminence, which pro- 
jecta downward from the outer side of the lower extremity 
of the radios, and, by its eunimit, gives attachment to a 
ligameat.f The external anrface of the styloid procesa is 
marked with two grooves, which mn from above obliquely 
downward and forward, and are serrated hj a dight 
ridge. Each transmita the tendon ot a muticle.^ Inter- 
imI, Freaenta a narrow, concave, cartilaginoua surface, 
which ie called the aiffmoid cavity of the radius, and ar- 
tioalates with a corresponding lateral convexity on the 
lower extremity of the ulna. Posterior. Convex, and 
continnoua with the corresponding aurface of the ahaft ; 
thia Burface presenta three grooves. One, placed in the 
median line ot the hone, is narrow, deei), bounded on each 
aide by a very prominent tnhercle, and directed from above 
obhqnely downward and outward, for the transmission of 
a single tendon.§ The groove internal to thia is broad 
and shallow for the tranemisaion of five tendons,j| four 
of which belong to a single mnsole. The external groove 
is alao broad and shallow, and, in a, well-marked hone, is 
subdivided into two minor grooves, by a alight longitudi- 
nal elevation. Each subdivision transmits the tendon of 
a mnsoie.^ 

263. Body or shaft. Presents the form of a triangular 
priam, curved upon itself so aa to be convex ontward, 
and grndnally increasing in size from above downward- 
It is divided by three lines or borders, into three sur- 

254. Llnbs or Bobsers. Intemtd. Separatee the an- 
terior from the posterior enrface. It commences above 
the posterior part of the bieipitai tuberosily, (251) and 
bifurcates below into two branches, which paas to the two 

• AEterior ligamBot of wrist joint, 
t External laterul ligament of wrist joint, 
t The anterior transmita the eitoasor obbis matanrpi poUiciBi 
tliB postorioi' tTBiiBmitB the uxtenaor prinii intfiniDdli poUifiis. 
) Tlial of the extensor aeunndi iDlflmodii polliciH. 
11 The four tendons of the eilensor commiinis digitorum, and the 
tendon of the indicator. 

iitniU the eilenBor carpi radialia longior ; the 
carjii rodUlis bievioi. 
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extremities of the sigmoid cavity, (252) It is slightly 
concave, very sharp and prominent, directed toward the 
ulna, and connected with a broad ligament,* that stretc^s 
between the two bones. Anterior. Separates the ante- 
rior from the external surface. This line is prominent 
above, where it arises from the anterior part of the bid' 
pital tuberosity and runs obliquely downward and out- 
ward ; loses its distinctness in the middle, where it de- 
scends vertically ; and becomes sharp and thin at its 
lower extremity, where it curves a little forward to ter- 
minate, just anterior to the root of the styloid process, in 
a small prominent tubercle. Its upper oblique portion is 
distinguished by the name of the oblique line of the 
radius, and gives insertion to two muscles ;t its tubercu- 
lar termination, at the root of the styloid process, gives 
attachment to another ;% ^^^ a* fourth§ is inserted into 
its lower part, for the space of about two inches above the 
tubercle. Posterior. Described as commencing superiorly 
at the posterior part of the neck, and as terminating in- 
f eriorly at the posterior part of the root of the styloid pro- 
cess. It is prominent and distinct in the middle, but entirely 
disappears above and below. If, however, the middle 
portion were produced upward and downward, it would 
reach the points assigned for its commencement and ter- 
mination ; and such a fictitious extension may be ad- 
vantageously employed, in order to facilitate the distinc- 
tion of the surfaces. 

255. Surfaces. Anterior, Directed somewhat inward 
as well as forward, especially above. It is narrow, rough, 
and concave, at its superior extremity, and becomes wicfer, 
smoother, and flatter, as it descends. By its upper two- 
thirds, || and its lower fourth,^ it gives attachment to 
muscles ; and, at the junction of its upper and middle 
thirds, it presents the medullary foramen, entering the 
bone obliquely upward,** Posterior, Directed inward as 



* Interosseoiis. 

t Supinator radii brevis, and flexor sublimis digitomin perforatus. 

} Supinator radii longus. { Pronator quadratns. 

I Flexor longus poUicis. 4 Pronator qaadratus. 

** The medullary foramina of the radius and ulna run upward, 
that of the humerus runs downward. The direction of the medullary 
foramina in the corresponding bones of the leg is precisely the re- 
verse ; that is to say, whereas in the upper extremity they nm. 
towardi the central joint of the limb (tU^ «\>Qorw\ \si. "Caa Var^'ex 
extremity they mn/hnn the central \oml ^\i^^^Kx^fi^« 



211 ULNA. 

well as backward, eapecially below. It ia narrow, smoofli, 
and rounded, in its upper third, where it ia covered by 
amuBclei* concave in its middle third, where it gives 
origio to two nmaclea,t flat, and curved a little teck- 
ward below, where it ia traversed by the tendons of the 
five muBclea,! which immediately afterward run in tha 
grooves that have been dcHcribed on the posterior anrface 
of the lower extremity. Exiemal, Bounded above, 
marlied in the middle with the rough impression for the 
insertion of a muacle,§ rendered narrow below by the 
approximation of the anterior and posterior lines (which 
terminate, one at the anterior, the other at the posterior 
part, of the root of the styloid prooess|. By its upper 
third, this surface gives insertion to a muscle ; 1 1 and be- 
low, it is covered by the two tendons wkich afterwards 
run in the grooves on the external surface of the styloid 
process .5[ 

256. Strttctdbe. Lite that of the other cylindrical 
hones. Development. By three ossific points, one for 
the shaft, which makes its appearance at the point where 
the medullary ai-tery is subsequently found, one for each 
ertremity, of which the inferior is the sooner developed. 
The upper extremity of the radins is remarkable as bemg, 
of all tiie epiphyses, the last to ossify, and the first to 
nnite with the shaft. Ahticulations. With the huraeras, 
with the ulna (by two points), and with the scaphoid and 
semilunar bones of the carpus. 



257. The ulna is a strongly-marked, prismatic bone, 
Hitaated at the inner side of the fore-arm, parallel with 
the radius, which it exceeds in lenoth, bulk, and strength; 
and from which it further differs, m that it tapers gradu- 
ally from above downward, whereas the radius diminisheB 
from its lower towards its upper ertremity. The ulna ia 



I Wliich unumerated from wi Ihout inward ({.«. piBaing bum the 
styloiil promsa IowihIh tbe Bigmoid eavitj of the radiasx »re, 
extenaar carpi radialis longinr, eitenaor carpi rsdialis brovior, ex- 
tensor Bscundt intersudii polliois, indioator, and extensor digito- 
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curved npon itself in sncli a manner, that its npper part 
is slightly convex both ontward and backward, while its 
lower half is convex inward.* It is divided, like the long 
bones in general, into shaft and extr&mities, 

258. Uffeb, exteemitt. Is the strongest and thickest 
part of the bone, and presents, for examination, two curved 
processes, the olecranon^ and the coronoid; and two con- 
cave articular depressions, the greater and leaser ngmoid 
cavities, Olecbanon pbocess, A large curved eminence, 
occupying the summit of the ulna, and forming the 
strongly-marked posterior an^le of the elbow-joint. It is 
somewhat contracted at its junction with the shaft, and 
bends forward superiorly to terminate in a narrow promi- 
nent tip, which lies, during extension of the fore-arm, in 
the olecranon dejpression of the humerus. It is* exactly 
by the extent of this process that the ulna exceeds the 
radius in length. The 'posterior swrface of the olecranon 
is of a triangular form, smooth and subcutaneous. Its 
superior force is irregularly quadrilateral, marked with 
the rou^n impression of a large muscle ;t and, in front of 
that, with a transverse groove which attaches part of a 



* 1 had never imagined that these slight undulations in the 
shafts of the cylindrical bones could play any important part in 
the mechanism of the limbs, until 1 happened to learn how greatly 
the durability of carriage-wheels is increased by a scarcely per- 
ceptible curvature in their spokes. An experienced mechanic 
assures me that, when the spokes of a wheel are sufficiently slender 
to curve under the pressure exerted by the heated tire-iron in 
shrinking, though the deviation from perfect rectilinearity in each 
spoke does not exceed two or three sixteenths of an inch, they are 
found to remain firm and unloosened at the nave, when wheels, 
having straight, and consequently rigid spokes, have opened at the 
joints, and become unsound. My informant states, that he has 
known wheels of slender proportions to do full one-thurd more ser- 
vice than others of stouter construction, and much greater absolute 
strength, entirelv on account of the elastic play permitted b^ this 
seemingly trivial variation of form. These facts afford a striking 
and instructive illustration of the effect of apparently insignificant 
curvatures, in distributing the force of concussioxL and promoting 
longitudinal resilience ; and they leave in my mind no doubt that 
the very least of the undulations in the cylindrical bones has a 
direct and important influence, in promoting elasticity, and dimi- 
nishing the cnances of fracture. (For an approximative experi- 
mental estimate of the effect, of more considerable curvatures of 
the bones, the reader is referred to the section on the elasticity of 
the clavicle, page 202. 

t Triceps extenaoc oqXaA. 
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ligament.* Ita anterior surface is smootli, cartilaginoiMi- 
directed downward aad forward, and continuQua with the 
aaperior anrface of the coroiioid prooesa. It forme the 
upper part of the greater sigmoid cavity, for the account 
of which its fuller deacription ia reaerved. Thia anrface 
is bounded, on each side, aad above, by a prominent edge, 
immediately behind which a narrow groove rnas ronnd 
the olecranon, giving attachment, in the recent anbject, 
to a ligament. The npper part of this groove liea cloae 
behind the tip of the procesa, on the auperior aurface (in 
the deacription of which it haa just been mentioned) ; ita 
inferior portions oocnpy the narrow lateral surfaces, of 
which we have only to add, that they separate the anterior 
and poaterior aapecta of the olecranon, and are continuous 
below the lateral surfaces of the shaft, Coronoid PEtocEsa. 
Projects horizontally forwarda from the front of the ulna, 
below the olecranon. It ia a aort of pyramid continuous 
by its base with the reat of the bone, and curved a little 
upward at ita narrow extremity, which ie received during 
flexion of the forearm, into the coronoid depreaaion of the 
hnmerua. Of ita anrfacea, the 9u/peirior is smooth, carti- 
laginous, directed upward and forward, and coutinuoua 
with the corresponding surface of the olecranon, with 
which it ooncura to form the greater sigmoid cavity (in 
the deacription of which it will be included). The anterior 
(or inferior) surface is irregularly concave, directed ob- 
liquely downward and forward, and rough for the attach- 
ment of a muBole.t It ia continuous with the anterior 
anrface of the body, the junction, of the two being marked 
bj a little rough eminence, called the iitherclB of the ulna, 
which serves for the attachment of a ligament.! "^8 
inner surface preaenta a rough concavity which attaches 
part of two ninaclea,§ and la continuous below with the 
inner surface of the shaft. It is separated from the npper 
surface of the coronoid prooeas by a prominent tubercular 
ridge which gives attachment to a hgament.|| The outer 
surface preaenta an oblong articular depresaion, concave 
in the direction of its long diameter, which is from before 
backward ; narrow, and quite flat, from above downward. 
This depreaaion ie called the lesser sigmoid CAvrri, Its 

■ Fostflrior tignmoDt of elbow-joiDt. t Frachislia tudcni. 

I Oblique ligament of elbow-joint 
i Pronator radii teres, and flaior digitorum sublimis parforatoB. 
II lateraal Jsteisl ligament oi elbow-JoinL 
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curve is the gxiarter of a circle, precisely fitting the cir- 
cumference of the head of the raoius, with which it arti- 
culates. Its extremities ^ve attachment, in the recent 
subject, to the ends of a hgament,* which furnishes the 
remaining three-fourths of the circle, completing an osseo- 
ligamentous ring, within which the head of the radius 
turns, as a swivel within its socket. The greater sigmoid 
CA.VITY is a large semilunar excavation, concave from 
above downward, but rendered convex in the opposite 
direction by the presence of a smooth, rounded ridge, 
which extends longitudinally from the tip of the olecranon 
to the tip of the coronoid process, and divides the cavity 
into two portions; an internal, larger and somewhat 
concave transversely (as well as from above downward) : 
an extemaly narrower, and nearly plane from side to side. 
The greater sigmoid cavity exactly fits the trochlear 
surface of the humerus, upon which it rolls. It is con- 
tracted near the middle by two lateral notches, which 
indicate the junction of the two processes by which it is 
formed. The portion above the notches is more extensive, 
and situated on the olecranon ; the portion below them 
is inferior in both dimensions, and belongs to the coronoid 
process. 

259. Lower extremity. Is much smaller than the 
upper ; and presents, for examination, a rounded articular 
expansion, called the head of the ulna, and a conical 
eminence, called the styloid process. Head. Presents, 
inferiorly, a smooth articular surface, which plays, in the 
living subject, on a fibro-cartilage, interposea between it 
and the cuneiform bone of the carpus ;t externally, it has 
a narrow, convex margin, covered with cartilage, and re- 
ceived into the sigmoid cavity of the radius. Styloid 
process. Is situated on the inner and posterior side of 
the head, projects downward about a Quarter of an inch, 
and terminates in a rounded tubercular summit, which 
gives attachment to a ligament.!^ The styloid process is 
separated from the head, below, by a rough depression, 
which gives attachment to the above-mentioned nbro-car- 
tilage, posteriorly, by a shallow, vertical groove, which 
transmits the tendon of a muscle.§ 

260. Body or Shaft. Prismatic above, where it curves 



* Annular ligament of elbow-joint. t The triangular. 

I Internal lateral ligament of the wrifitr-Y^vc^ 
§ ExteuBor caq^i \]2a^xv&« 
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forward and inward, rounded and Bmooth lielow, wtere It 
IB bent a little ontwaird. It gradually dimutiBhes in size 
from aboTB downward, and presents three swr/racea, dirided 
by three borders. Bobdeeb. Sxim-aai. Separates* the 
anterior from, the posterior aurface. Commences, above, 
by two roots, one from each extremity of the lesser sipaoid 
cavity; is sharp, jjrominent, and arched, in the middle; 
and becomes indistinct below, where it terminateB aj the 
middle of the external articular surface of the head. It 
is opposed, in its whole extent, to the sharp inner border 
of the radius, and gives attachment to a ligament,* that 
extends between the two bones. Anterior. Separates the 
anterior from the internal surface. Commences, above, 
at the sharp curved rid^ which runs between the inner 
and anterior surfaces ofthe coronoid process ; is rounded 
and smooth, yet distinct, in the middle, and terminates, 
below, at the inner side of the head, juat in front of tho 
styloid process. It gives origin to two muBcles.t Foeterior, 
Separates the posterior from the internal surface. Com- 
mences, above, at the apex of the triaugalar surface ob- 
served on the baoi of the olecranon, and terminates, 
below, at the posterior part of the base of the styloid 
process. It is very prominent in the two upper thirds o£ 
its extent, but, infenorly, becomes rounded and indistinct. 
It is flexuous in its course, and attaches an aponeuroeia 
common tothreemnscles-I SuitP^CKS. Anterior. Directed 
forward and inward. Wide and concave superiorly, 
narrow and convex below, it presents, at its junction 
with the eoronoid process, the tiih&rcleoi the ulna, already 
described; and, two or three inches lower down, the me- 
dMlh/fy foramen., entering the bone obliquely vpviard 
(see note ••, p. 213). This surface gives attachment to 
two muscles. § Poat&ricr. Directed backward and out- 
ward. Wide and concave above, where it is continuouB 
with the outer surface of the olecranon process, it in- 
creases in width in the middle, and becomes narrow and 
rounded below. It presents at its upper part a ridge. 



* Interosseoua ligunent. 
t By its upper third to the fieior diffifoniin profnndnfi perio- 

1 Flexor digitonim pmfundua, flexor carpi ulnuis, extensor exrpl 

I Sy its upper thred-fonrths, to tbe flexor digitorum pruifundiu ; 
liy /ta lower fourth, to tliaproDstor (jaadiB.laa. 
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called the oblique Ime of the ulna, wliicli runs, from the 
posterior extremity of the lesser sigmoid cavity, down- 
ward and backward to the posterior border, which it joins 
at an acute an^le, abont two inches below its upper ex- 
tremity. This line giyes attachment to a muscle,* and 
divides the posterior surface into two parts. The eu^perior, 
and smaller of these portions, gives attachment to a 
muscle.f The inferior, and more extensive portion, is 
subdivided into two parts by a lon^tudinal ndge. The 
part external to the ridge is the wider of the two ; it is 
concave, and gives attachment to four muscles.J The 
part internal to the ridge is also concave, and gives origin, 
by its middle third, to a muscle. § Internal. Directed 
inward and backward. Broad and concave above, where 
it is continuous with the inner surfaces of the olecranon 
and coronoid processes ; narrow and rounded below. Its 
upper three-fourths are covered by a muscle, || to which 
its upper third gives origin; its lower fourth is subcu- 
taneous. 

261. Structure. The ulna presents the ordinary 
structure of the class of bones to which it belongs. The 
olecranon process, in its interior conformation, as well as 
in its position and use, resembles the patella of the knee- 
joint. Indeed, it may be regarded as a short bone, united 
for the better performance of its functions, with the ex- 
tremity of the ulna ; and this view of its analogies is con- 
firmed by its occasional appearance as an entirely separate 
bone : a curious variety, an example of which has been 
observed by Kosenmiiller. Development. By three 
ossific points ; one for the shaft, which appears about the 
fortieth day of foetal life ; one for each extremity, de- 
veloped in the sixth year after birth. It is remarkable 
that, though the inferior extremity ossifies earlier than 
the superior, this latter, on the contrary, is the first to 
unite with the shaft. This inverse relation between the 
order of ossification and the order of junction, is not 
peculiar to the epiphyses of the ulna ; it is a general law, 
exemplified by all the cylindrical bones, in their progress 
to maturity. Articulations. With the humerus above ; 



* Supinator radii brevis. f Anconeus. 

X To the extensor oasis metacarpi poUicis, above ; and below 
this, in succession, to the extensor primi intemodii pollicis, the 
extensor secundi intemodii pollicis, and the IndlcAlot. 

% Extensor carpi ulnarls. \ "E\«xgx ^<^\«rws^^^&QSjSfia^ 
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with the raditiB botli above and helow ; and, by the 
yeation of the triangular fibro-cartilage, with the 
form hone of the carpns. 






MECniNISM OP TUB FOBE-iE: 

262, Under this head are included the relatione which 
anbaist, firat, between the ulna and hnmemB ; aecondly, 
between the radins and hnmems ; and thirdly, between 
the radius and ulna. 

The most prominent characteriatica of the humero-idnar 
articulation, are, great stability and strength, with exten- 
sive and swift mobility in a sittgle plane. The utrenijih 
of the joint resulta from the tirmneBa of the grasp with 
which uie long curved proceBsea of the ulna embrace the 
extremity of the humerus ; and the Uvi/itation of ita 
motion to one plane, depends upon the reception of the 
longitudinal eminence of the greater sigmoid cavity into 
the correaponding groove of the trochlea. The direction 
of the plane in which the ulna movea, haa already been 
noticed in the course of the foregoing description. It 
inclines obliquely inward, at an angle of about 10° from 
the perpendicular tine of the hnmeras ; so that the hand, 
in flexion, is carried toward the median plane, instead of 
riaing vertically to the shonlder. This ohliqnity of motion, 
which throws the hand at once into the central ponition 
in which the majority of ita actions are most conveniently 
performed, is occasioned by the prominence of the inner 
margin of the trochlea, and the conseqaent inclination of 
the lower ertremity of the humerus. The exfetit of the 
hinge-like motion of the nlna is determined by the pro- 
portion which subsists between the length of the olecranon 
and coronoid processes, and the depth of the depressions, 
provided, in the hnmems, for their reception. This is 
such as to permit the extension of the ulna to nearly a, 
right line with the humerus, and its flexion to an angle of 
about 30° with that bone. The sicifiiiesB of ita motions ia 
attained by a disposition similar to that which we have 
already pointed out in the humerus ; viz., the approxima- 
tion of its processes of mnscnlar insertion to the fulcrum 
of the lever, and the consequent conversion of the force 
of its motors near the elbow, into velocity, at the distal 
extremity of the Umb. 

The articulation between the h/iimeras and the radiiu, 
conaista m the reception oE a HtneU toytudAd woinence of 



MECHANISM OF THE FORE-ARM. 221 

the former bone, into a shallow socket, hollowed on the 
top of the latter. It allows the radius to accompany the 
tdna in its motions of extension and flexion, and permits, 
in addition, a spindle-like rotation of its superior ex- 
tremity to the extent of about 90°. The contact of these 
surfaces, however, contributes very little to the security 
of the elbow-joint, which depends almost exclusively upon 
the. humero-tdnar articulation. The radius, indeed, woxdd 
be capable of complete circumduction on the humerus, if 
it were not firmly bound to the ulna by two articulations ; 
the mechanism of which we may next proceed to consider. 

In the superior radio-ulnar joint, the ulna presents a 
cavity, within which the head of the radius rolls ; in the 
inferior radio-ulnar articulation, on the contrary, the 
rsbdius presents a cavity which glides around a convexity 
of the ulna. When the head of the radius rotates, so 
that its anterior surface becomes internal, the shaft of the 
bone crosses the ulna at an acute angle, and its lower 
extremity is thrown forward and inward. In this motion it 
carries with it the hand, to which it communicates the rota- 
tory movements that are popularly attributed to the wrist. 

263. It has occurred to me that the shape of the radius 
is subject to a simple and constant mathematical law, 
which enables us to express the relation of its extremities, 
by the following general formula. The head of the radius 
is 80 disposed, in relation to the sigmoid cavity of the 
lower extremity, that the axis of the former, ifprol-onged 
downward, falls upon the centre of the circle, of which the 
latter is a segment. 

This law, to which I have not found a single exception, 
suggests a more precise definition of the motions of the 
ramus on the ulna, than has hitherto, I believe, occurred 
to physiologists. 

M£Uiy authors have loosely stated, that the radius 
rotates upon its own axis; an inexactitude into which Sir 
Charles Bell, amongst other eminent physiologists, has 
fallen. The inaccuracy of such a description may be 
rendered evident by the following experiment. 

Let a recent fore-arm be fixed in a vice, by the olecranon 
process, in such a manner as to leave the radius its full 
freedom of rotation upon the ulna. Let a point be now 
inserted into the centre of the cup-like cavity on the head 
of the radius, and another into the centre of its inferior 
terminal surface, so that the two points may Goix\fi.\ds^^^62^ 
the two extremities oi tiie long «iaft ^i *^^ \sRsaa* ""^S^Rk 
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points bein^ fised, let it be attempted to rotate the radiuB, 
or in anywise to change its relative position with the 
ulna. This will be found impossible ; the radius being set 
fart, and incapable of any titid of motion. 

Cruveilhier is clearly aware that the radius does not 
turn on its own axis below ; bat lie adopts the equ&tlj 
erroneoufl notion that the transverse diaraeter of its lower 
extremity is the radius of the curve which it deacrihes 
around the ulna " le rayon de I'aro de cerde gw'ii decHi 
aatouT (itt cuHliia." (" Anatomie Deseriptive," torn. i. p. 
421.) On this supposition, the inner extremity of a line 
drawn across the iMerior surface of the radius, in the direc- 
tum of its transverse diameter, would represent the lower 
end of the fixed axis around which the radios rotates. 
That this is impossible maybe shown by malting a dot upon 
the ulnR. precisely opposite the end of a line so drawn, and 
then rotating the radius. The extremity of the line will 
no longer correspond to the dot, but wJU be found re- 
moved from it, by the extent of a quarter of a circle. Now, 
a movable point cannot be the extremity of a fixed axis. 

If it ahoujd be contended, on behalf of Cmveilhier's 
assertion, that the axis of rotation, though it cannot pass 
through the extremity of this line, may lie in the interval 
between the radius and ulna, at a point immediately 
beyond it, the refutation of such an opinion is of the same 
kind, and equally easy. It is only necessary to mark the 
terminal surface of tee radius with lines converging to 
the point in question, and then to perform, as before, the 
movement of pronation. The lines will now cease to in- 
dicate the original point ; perpetually changing their 
centre of convergence during the rotation of the bone, 
and leaving the true position of the stationary axis as un- 
certain as before. 

The real axis of rotation of the radius is the line a b in 
the following diagram. This line represents the axis of a 
cone, of which e 5 is the base, and e/the truncated apex. 
The centre of its truncated apex correwiwnda with the 
centre of the head of the radius, and the centre of its 
base coincides with the centre of the circle of which 
the sigmoid cavity is a segment. Hence the axis of the 
cone must, according to the law above stated, coincide 
with the axis of the head. This coincidence is plainly 
shown in the diagram. The portion of the hue a b which 
lies above the bicipital tuberosity, evidently represents the 
axia of the bead ; ajid, below the tutetOBvty.wWieitcyiiti 
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the bone, it corresponds with the imaginary prolongation 
of that axis downward. 

If the prolonged axis of the 
head of the ramus fell upon 
any other point than the inter- 
section of the radii of the sig- 
moid curve, the advance of the 
shaft, in pronation, would in- 
volve a slight hinge-like mo- 
tion of its superior joint ; which, 
indeed, I had always imagined 
it to undergo, until I happened 
to perceive the true mathema- 
tical construction of the bone. 
The result of the existing dis- 
position is, that the pronation 
of the radius, and the simxdta- 
neous advance, and inward mo- 
tion, of its lower extremity, are 
performed without disturbance 
to^ the paraUeUmn of its supe' 
riorjovnt. 

OF THE HAND. 

264. The hand, which is the 
smallest, is also the most com- 
plex division of the upper ex- 
tremity ; containing twenty- 
seven bones, and thirty-two 
articulations. Moreover, as 
palpation and prehension are 
the distinguishing characteris- 
tics of the thoracic extremity, 
so does the hand, by which 
these functions are immedi- 
ately performed, constitute its 
essential part; the arm and 
fore-arm serving but as subordinate agents, to remove 
the hand from 'we trunk, and to give scope and variety 
to its motions.* 

The hand is of an ovoid form, convex posteriorly, con- 

* Hence, these upper portions of the limb are often mdimentary, 
when the terminal diviuon exists fully deYelQ^Qd\ «A\s^>i^^ «:«^»«- 
oeous mammalia. 




224 CAKPAL BONES IK GENERAL. ■ 

cave in front. It is divided into three poiiioiiB, distin- 
BniBhed by mell-jnarked difierences of size, form, ajid 
fanction ; viz., the ca.iyaa or wrist, the metactiniue or 

Sttm, and the phalanges or fingers. Bach of these 
vieions eiceeds its predeceBBor in extent. Thus, to the 
length of the hand, which constitutea about a fourth of 
the entire hmh (measured from the shoulder- joint to the 
tip of the longest finger), the carpus contributes (in ronnd 
nombers) ten parts, the metacarpus eighteen, the pha- 
langes twenty- eiglit. ^J 



1 two horizontal t , 
above with the fore-arm, below with the metacarpus, and 
intermediately with one another. The bones of the tipper 
row, enumerated from the radial to the ulnar side (which 
IB the direction always adopted in enumerating the bones 
of the hand), are the scaphoidea, aem,ihinare, cuntiforme, 
and pisiforme. The bonee of the lower row, enumerated, 
in lite manner, from withont inward, are the frapeziwrn, 
ircme^oides, magrtum, and unciforme. 

The pisiform hone presents, in all its characters, a 
complete contrast to the rest of the series. It is pecidiai 
in its form, in its size, in its relative poijition, and in its 
use. Hence in the following general description of the 
carpal bones, the pisiform must be understood to form, a 
standing exception. 



266. Every carpal hone presents six surfaces, of which 
the anterior and posterior are rough for the attachment 
of ligaments; the my>erior and inferior smooth and 
articular ; the two lateral abo smooth and articular, 
when directed towards contiguous bones ; otherwise rough 
and tubercular. 

Of the non-articnlar surfaces, the poaterior is generally 
wider than the anterior. Of the articular surfaces, the 
eupcrior is generally convei, the inferior concave, the two 
lateral plane in the upper row, sinuously curved in the 
lower. All these rules, however, are subject to individual 
eiceptions. 
2UF. SntucTDRE. The inteiioic ccrafonnation of the 
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bones of the carpus exemplifies tliat of the cuboid bones 
in general. They consist of a light and highly elastic 
cancellous tissue, enveloped in a very thin compact layer. 
Development. By a single ossific point for each. These 
points appear successively at various periods, from the 
first to the fifteenth year after birth. Those of the os 
ma^um and cuneiforme are first . observed ; that of the 
pisiform comes last. Indeed, of all the bones of the 
skeleton, the pisiform bone is the last to ossify. 

The carpus is bound together by numerous ligaments, 
passing between the non-articular surfaces of adjacent 
bones. These ordinary fastenings of the carpus are 
implied, in the following descriptions, whenever mention 
is made of ligaments, without reference to any name at 
the foot of the page. 

OP THE CAEPAL BONES IN PAKTICULAR.* 



UPPER ROW. 

268. ScAPHOiDES. A bone of an oblong form, the largest 
of its row, and so disposed that its long diameter runs, 
from above, obliquely downward, outward, and forward. 
Surfaces. Superior, Directed upward, outward, and 
backward. Convex, smooth, triangular, and ai*ticulated 
with the outer division of the articular surface on the 
lower extremity of the radius. (252) Inferior. Directed 
downward, outward, and backward. Convex, smooth, 
triangular, and divided, by a slight ridge running from 
before backward, into two portions ; an internal, smaller 
in size, and quadrilateral in form, articulating with the 
trapezoides ; an external, more extensive, and of trian- 
gular outline, articulating with the trapezium. (The 



* I have described the carpal bones with a degree of minuteness 
which some persons may consider excessive, because 1 think that 
their shape and relations are far more rapidly and easily learnt by 
the aid of a precise than of a loose description. Cruveilhier, indeed, 
declares the separate examination of these bones to be tedious and 
useless, and satisfies himself with a collective description of each 
row. The inadequacy of this method is sufiSciently shown by the 
errors into which it has betrayed its usually careful and accurate 
author (as, for example, that the pisiform articulates with the 
cuneiform by a lateral facet (p. 243) ; that the anterior surface of 
the semilunar bone is less extensive than the posterior (ibid.)« &c. ; 
misstatements rather implied than directly advanced; evidently 
not intended by the writer, but incidental to a vague and in&xlM^^. 
method). 
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ridge of separation on this Bnrfa,F« beoomeH indiati 
often qnite imperceptible, wlien tke articnlar cartil^e is 
removed.) Posterior. Diminiahed in its vertical extent 
by the encroachment of the superior and inferior snrfa,eeB, 
which extend over this aspect, so as to leave hetween 
them only a narrow, rough groove, for the attachment of 
ligaments. Anterior. Directed forward, upward, and 
inward. Concave and rough above, elevated below into 
a prominent tubercle, which eitends forward from the 
front of the carpus, for the attachment of a muscle,* and 
a iigament.t External. Directed upward and outward ; 
narrow &nd rough for the attachment of a ligament.^ 
Intemal. Smoozii and cartilaginous, divided, by a hori- 
zontal orescentic ridge, into two parts ; a superior, 
directed inward and forward, narrow, semilunar, plane, 
and articulated with the eemilunar bone ; an inferior and 
latter, directed inward, forward, and downward, and con- 
tributing, by its oval concavity, to form the socket for the 
head of the os magnnm. (274) AaiicnLAiioNS. With 
the radius above, the trapezinm and trapezoides below, 
the semilunar bone and os magnum, internaUy. 

2l)9. SuMrLrNiaB. A bone of orescentic form, with the 
concavity directed downward ; wider before than behind, 
' and above than below ; placed between the scaphoid and 
cnneiform bones. Surfaces. Superior. Smooth, quad- 
rilateral, convex ; oontinaons, in the united carpus, with 
the superior surface of the scaphoid ; and directed up- 
ward for articulation with the inner of the two divisions 
on .the terminal surfece of the radius. (2&2) Inferior. 
Concave from before backward, plane from side to side, 
and divided, by a line running from before backward, into 
two parts : an extsnud and larger, which forms the upper 
part of the socket for the bead of the os magnum ; an 
vntiimal, very narrow, and directed a little inward, for 
a^iculation with the summit of the unciform bone. (275) 
EjitemoL Directed outward and backward. Narrow, 
semilunar, and plane, for articulation, with the scaphoid. 
Intemai. Directed inward, forward, and downward. 
Smooth, flat, and quadrilateral, for arttcnlation with the 
cuneil'orm bone. AntBiior and Posterior. Bough tor the 
attachment of ligaments. The anterior is the more 

• Abductor pollicis. 
t Anterior iiDiinliir ligamaDt of the oarpUB. 
t External lateral liguaent of the wriat-joint 
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extensive ; the posterior being diminished, above, by the 
prolongation downward and backward of the superior 
surface. Articulations. With the radius above, os 
magnum and unciform below, scaphoides and cuneiforme 
by its lateral aspects. 

270. Cuneiforme. A bone of a pyramidal form, having 
its long diameter placed obliquely, so that the base looks 
outward and upward, and the apex in the opposite direc- 
tion. Surfaces. Swperior, Divided into an mtemal, 
small, non-articular, portion ; and an external, more ex- 
tensive surface, convex and quadrilateral, smooth and 
cartilaginous, directed upward, inward, and backward, 
and articulated, by the intervention of an inter-articular 
cartilage,* with the end of the ulna. Inferior. Directed 
downward and outward, for articulation with the unciform 
bone; smooth, irregularly quadrilateral, and curved in 
such a manner that it is concave, and turned a little for- 
ward, externally ; convex, and turned a little backward, 
at its inner extremity. External, Directed outward, 
upward, and backward ; smooth, quadrilateral, and flat, 
for articulation with the semilunar bone. Internal. A 
small, non-articular surface, forming the lowest point of 
the bone, and roughened for the attachment of a li^- 
meDt.f Anterior. This surface is rough externally for 
the attachment of ligaments ; and presents, internaUy, a 
smooth, oval, slightly convex surface, which articxdates 
with the pisiform bone. Posterior. Bough for the at- 
tachment of ligaments. Articulations. With the semi- 
lunar bone externally, the pisiform in front, the unciform 
below ; and above with the end of the ulna, through the 
medium of the triangular carfilage. 

271. FisiFORME. This, the smallest of the carpal bones, 
is of an ovoid form, placed vertically, in front of the cunei- 
form bone, with which it articulates by a smooth con- 
cavity on its posterior aspect. It presents no other arti- 
cular surface, being elsewhere rough for the attachment 
of muscles and ligaments.^ 

* Called the triangular fibro-cartilage of the wrist, 
t A fasciculus of the internal lateral ligament 
X In front it gives attachment to the anterior annular ligament ; 
externally, to a fasciculus of the internal lateral ligament of the 
wrist ; above, to the flexor carpi ulnaris ; below, to the adductor 
(sometimes incorrectly called oMuctor) xninimi di^ti ; and, by its 
whule circumference, to ligamentous bands, by whlQkvt.\&lvi^Kt^s^ 
to the cuneiform bone. 
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272. TaiPEZiUM. A bone of very iiregnlar shape, 
situated between tlie scaphoid and the first metacai^al 
bone. Surfaces. Superior. Concave, and directed np- 
ward and inward, far articolation with the onter division 
of the lower anrfa«e of the scaphoid. Inferior. Directed 
downward aad oatward, convex from before bactward, 
concave from side to side, and articnlated with the first 
metacarpal bone. Internal. Divided into two parts by 
a horizontal ridge. The upper and larger portion is con- 
cave, and directed inward and backward for articulation 
with the trapezoid bone ; the lower portion is a little flat 
facet, directed downward and inward, for articnlation 
with a corresponding small surface on the second meta- 
carpal bone. External and posterior. Rough for the at- 
tocbment of ligaments.* Anterior, Presents, in the 
middle, & prominent ridge, ranning from above, down- 
ward, and a little inward. This corresponds to a similar, 
tihongh mnch larger process of the unciform bone, and 
may oe called the oblique ridge of the trapezium. It gives 
attachment to three mnsdest and a ligament .^ On its 
inner side is a groove which has a similar oblique direc- 
tion, and gives passage to a tendon.§ Abticula-Tiobb. 
With the scaphoides above, with the trapezoides and 
second meta<;arpal bone internally, and with the first 
metacarpal bone below. 

273. TRiPEKOiCES. An irregular bone, the smallest of 
the second row, interposed between the trapezium and 
the magnum, larger below than above, and behind than 
before. Shssaces. Anterior and Posterior. Bongh for 
the attachment of ligaments. The latter is the widest 
surface of the bane; the former gives origin to a muscle. |{ 
S-a^erior. Small, quadrilateral, and concave, for articQ- 
lation with the scaphoid. Inferior. Concave from before 
backward, convei from aide to side, and articulated with, 
the second metai^arpal bone. The surface sometimes 
articulates also with the eitremitj of the third metacarpal 
bone, by a narrow facet at its posterior and internal part. 

• Tho eilamal lateral ligamont Ib attached to the outer aurfaco j 
tLo ordiuar; carpal iLgameotH to the posterior. 

t Oppoaens, flnxur brevis, and adduator pollicia. 

i Anterior aQoalir ligament of carpus. 

f That ol \he f tiior carpi iwUalis. I Adductor poUicIs. 
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Sxtemal, Smooth, convex, directed outward and for- 
ward, and articulated with the corresponding surface of 
the trapezium. IntemaL Concave and smooth in front, 
for articulation with the os ma^um ; rough behind, for 
the insertion of a ligament. Akticulations. With the 
scaphoid above, trapezium extemallj, os magnum inter- 
nally, second (and occasionallj third) metacarpal bone 
below. 

274. Maonum. The largest bone of the carpus, in the 
oentre of which it is placed. It presents a rounded portion 
called the head, above ; a cubical portion called the hody, 
below; and an intermediate contracted part, sometimes 
distinguished as the neck. The separate description of 
these parts would, however, involve an unnecessary degree 
of prolixity. It is sufficient to observe, that the head is 
received into a socket, formed by the scaphoid externally, 
and the semilunar bone above ; and that it presents a 
smooth ridge, running from before backward^ and cor- 
responding to the junction of those two bones. Considered 
as a whole, the os magnum presents, like other cuboid 
bones, six %wr faces for examination. Sukfaces. Bwpefnor, 
Convex from before backward, more slightly so from side 
to side, and articulated with the concavity of the semi- 
lunar bone. Inferior, Divided, by two ridges running 
from before backward, into three portions. Of these the 
middle portion is by far the largest, and articulates with 
the third metacarpal bone. It is curved, so as to be 
convex posteriorly, slightly concave in front. The otUer 
portion is next in size ; it is concave, and directed down- 
ward and outward, for articulation with the second meta- 
carpal bone. The i/rmer portion is a little flat facet, 
situated at the posterior comer of the bone, directed 
downward and inward, and articulated with iJie fourth 
metacarpal bone. Internal. This surface of the bone 
presents, posteriorly, an oblong, concave, articular sur- 
face, whicn glides on the unciform bone; anteriorly, a 
rough surface, which attaches an interosseous ligament. 
External. Presents, at its lower and anterior part, a flat, 
smooth surface, for articulation with the trapezoides. 
Behmd this surface is a rough space, for the attachment 
of an interosseous ligament. Above it is a rough groove, 
which represents the neck, and also attaches ligamentous 
fibres. Above this ^oove, again, is a smooth convexity, 
which articulates with the scaphoid, and formA tVL<^ cs^oi^i^ 
aspect of the head. Poeterior aaji Aalervyr . ^wss^x. %ss^ 
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rongh, for tlie attachment of ligaments. The former la 
TOBch wider thaa the latter. AKTicuLiTioNB. With the 
Mmilunar bone above ; the Beoonil, third, and fonrth 
metacarpal bones below ; the acaphoidea and trapezoides 
eitemaliT ; the nnciform bone on its inner side. 

275. TJNcrpoiiMB. A large, wedge-shaped bone, placed, 
with its base downward, between the magnnm and cunei- 



forme. It is characterized hj a, large hook-like prooeas, 
which will be presently described. Siirfa.0E3. Superior. 
An ertremely narrow facet, forming the apex of the hone, 
slightly convex from before backward, and directed np- 
ward and outward, to articulate with the semilunar bone. 
Inferior. Divided, by a ridge mnning from before baick- 
ward, int« two portions, of which the inner ah.d larger ia 
directed downward and inward, ia articulate with the 
fifth metacarpal bone ; while the outer looks directly 
downward, and artionlates with the fourth metacarpal 
bone. Both these facets are concave from before back- 
ward ; the outer is plane, the inner slightly convex, from 
Bide to side. Esctemal. Presenta, posteriorly, a concave, 
articular snrface, larger above than below, and artictdated 
with the OS magnnm ; in front of this, a small, rough, 
non-articular portion, for the insertion of an interosaeons 
ligament. Intm-nal. Directed obUquely inward and up- 
ward ; curved in auch a manner that it is convex, and 
looks a little backward, at its -upper part ; while it is con- 
cave, and turned somewhat forward, below. It articu- 
lates with the cuneiform bone. Posferior. Triangular, 
convex, and rough for tbe attachment of hgaments. 
Anterior. Presenta, at ita internal and inferior part, the 
tiTu^form prr/eess, a large hook-hke eminence, which first 
runs horizontal forward, and then curves outward, to ^va 
attachment, by its summit, to a atrong ligament.* Thia 
procesa is flattened from side to side, ao as to present two 
lateral surfaces, and a snperior and inferior border. Er- 
temally, it is smooth, and crooved in the vertical senae, 
for the passage of several tendons jf and by its lower 
border it gives origin to two muscles.! T^b process, and 
the pisitorm bone, by which it ia surmounted, correspond 
to two smaller eminences occupying the same relative 
position at the opposite end of the oarpna ; viz., the 
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oblique ridge of the trapezium, and tlie tubercle that pro- 
jects from the scaphoid, immediately above it. These 
tour eminences stand out from the n-ont of the carpus, 
deepening its anterior concavity, and furnishing attach- 
ment to a strong, transverse ligament, which stretches 
across that concavity, closing it in front, and forming 
with it an oval ring, through which the flexor tendons 
run. They serve also for the attachment of several 
muscles, to which their prominence affords advantageous 
leverage; diminishing the obliquity, and, consequently, 
augmenting the force of their action upon the bones. 
Gruveilhier associates these processes as tne four apophy- 
ses of the carpus, distinguishing them from each other by 
sub -appellations expressive of their relative position. 
Thus the pisiform bone is the internal-superior, and the 
unciform process the internal-inferior, apophysis : while 
the tubercle of the scaphoid, and the oblique ridge of the 
trapezium, are respectively the external- superior, and the 
extemal-i/nferior, apophyses of the carpus. This nomen- 
clature is worthy of adoption, because it connects four 
eminences,which are naturallv related by their position and 
use; also becaase it exhibits the pisiform in its true charac- 
ter, as an appendage to the cuneiform bone, rather than an 
independent element of the carpus ; a view founded on 
the size and relations of the bone itself, and confirmed, as 
we shall hereafter find, by consideration of its analogue 
in the tarsus. Akticulation. The unciform articulates 
with the cnneiforme, semilunare, and os magnum of the 
carpus ; and with the fourth and fifth bones of the meta- 
carpal series. 

OF THE CABFUS IN OENEBAL. 

276. The carpus, formed of these eight bones, is of an 
elliptical figure, with its lone diameter transverse. It is 
convex from side to side, behind ; but, in front, presents 
a concavity, increased by the four apophyses of the ca/t' 
pus, so as to form a deep groove, which transmits the 
flexor tendons of the hand. The upper border of the car- 
pus is convex and even, to articulate with the radius, and, 
Dv the intervention of the triangular fibro-cartilage, with 
the ulna. The lower border also presents a general 
convexity, though interrupted, and, as it were, notched, 
for articulation with the metacarpal bones. It may be 
inferred from this form of the carpus, that the bonea oi 
the upper row (sx)eaking gen.exQAi'^^ %x^ ^^jst ^JioRf^'^^^BKa. 
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below ; tliose of the lower row, on the contrary, wider 
below than above; and all, of both rows, wider behind 
than before. 

It is naual, in treating of the carpua in general, to de- 
livBT some observations upon the strncture and relations 
of each row considered as a wHole. But I object to this 
horizontal division of the carpns, for reasons which will 
BPfjear in the followiiig section ; in which also will be ex- 
plained the principles of a new, and, as I believe, more , 
philosophical arrangement of thecaipus, deduced iromoiltJ 
aoalysis of its mechanical construction. S 

MECHABISM OP THB CARPUS. 

277. Under this head we have to consider, first, the re- 
lations of the carpo-radial and carpo-uinar articulations ; 
and, secondly, the stmctnre of the carpus itself, and the 
motions of its proper iointa. 

273. The eo/rpo-radtal articulation presents most of the 
characters of an enarthrosis, or ball-and-soctet joint. 
The carpal articulating surface is convex in every sense, 
and capable of rolling from before backward, and from 
side to side, in the shallow terminal concavity of the 
radius; communicating to the hand the motions of ae- 
ten»ion and Jlexion, abdaction and addueHon, as well as 
the compound movement of circiimducHon,, which reaulte 
from the performance of the four simple motions in suc- 
cessive combinations of two. The adduction of this joint 
is more extensive than its abduction, for reasons which 
win be explained in the following paragraph. (279) Its 
extension can be carried farther than its flexion, because 
the carpal articnlating surface descends lower, and can, 
therefore, roll farther npon the radius, behind than be- 
fore. (This difference, however, is more than compen- 
sated by a capability of flexion resident in the carpns 
itself; (■283) 80 that, diaregarding particular iointa, and 
oonaiderlng the hand generally, the motion of flexion is 
superior to that of extension.) 

The carpus has not the true globular form of an enar- 
throidal head, being considerably more extensive trana- 
versely, than in the antero-poaterior diameter. Hence, 
it ia totally incapable of rotation on ita own axis (a 
motion characteristic of genuine enarthrosis), and is not 
brought into action by the pronation and supination of 
the hkud. These motions are petlormei\>^ ^e \xcaaa ot 
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the fbre-arm, in a maimer already deBcribed. (262) The 
advanttwe of this disposition is twofold. In the first 

Eloce, the Btabilitj of the carpo-rodial joint ia increased 
J its lateral extension ; and aecondly, the long shaft of 
the radius aSorde spa«e for the insertion of a mnch lBJ^«r 
body of pronators and snpinators, than coald be brooght 
to act directly npon the carpos itself. 

279. The carvo-v.laar articnlation is smaller, and far 
less important, than the last described joint. It is formed 
by the smooth lower extremity of the nlna, on the one 
hand, and b; the superior aspect of the cnneiform bone 
on the other. Both its surfaces, when corered with their 
natural cartilage, are convex, and, consequently, not 
adapted to play upon each other. But they are prevented 
from coming into contact by an inter-articnlar cartilage ; 
which, being sliffhtly hollowed on both sides, furnishes 
each surface with a concavity adapted for its reception. 
It may be further observed, in regard to the carpo-ulnar 
joint, that it is only brought into play during the move- 
ment of adduction; its sorfaces being separated by a 
considerable interval, when the band is in a straight line 
with the fore-arm; and by a still greater, when it is 




inclined outward. This non-contJgriitT, whush dis^voAK ■ 
upon the oblique aspect tA the so.'^rvn voi^Af^ lAS^fc 
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cuneiform bone, is in etrong contrast with the conHtant 
and cioBB apposition of the carpo-radial joict, and ac- 
connts for the anperior freedom and extent of the motion 
of adduction. 

280. The articnlationa of the carpal lones icilh each 
other, are chiefly designed to distrihute the force of con- 
cttssions transmitted from the metacarpuB to the ei- 
tremity of the radius. The number and complexity of 
these joints seem hitherto to have deterred anatomaats 
from attempting an exact analysis of their curious me- 
chanism. But their several actions may be clearlj and 
orderly developed, by the simple expedient of ascertain- 
ing eaccessively the effect of a shock transmitted along 
each of the metacarpal bones. 

The preceding diagram represents a posterior view of 
the carpne, artificially separated {for reasons which will 
presently appear) into two lateral portions, and some- 
what enlarged for distinctness' sake, a represents the 
scaphoid bone, 6 the semilunar, c the cuneiform, d the 
trapezium, e the trapezoides, / the magnum, and g the 
nnciform ; while the figures 1, 2, 3, 4, 5, are placed, each. 
upon the metacarpal bone of which it is the numerical 



. A blow, struct upon either the fourth or fifth 
metacarpal bone, in the direction of its length, is re- 
ceived by the nncif orme ; which, yielding to the shock, in- 
sinuates its wedge-like body further between the magnum 
and cnneiforme, dividing part of the shock between 
those two bones ; whUe ita narrow summit, impinging 
upon the semilunare, transmits another portion of the 
violence in a direct line through that bone to the 

A blow upon the middle metacarpal bone, passes 
directly to the os magnnm, and is divided between the 
Bcaphoides and semilunare, with which the head of that 
hone articulates. 

The several directions in which these shocks reach the 
carpus, are indicated in the diagram, by the arrows drawn 
upon the last three metacarpal bones ; and their subse- 
quent distribution is shown by the groups of arrows 
dranrn npon the unciform bone and the as magnum. 

Several other motions are impressed upon this part of 
the carpus by couoassion of the fingers which it supports. 
I have observed a slight twisting motion of the cuneo- 
uaciform joint, in which Vaa uat^otm \iima advances a. 
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little at its outer side (gliding forward upon tlie os mag- 
num) and retreats in a corresponding degree internally ; a 
species of rotation which is evidently favoured by the 
alternate convexity and concavity of tne articulating sur- 
faces of this joint. There is also a hinge-like motion in 
the vertical plane performed by the os magnum, the head 
of which turns within its scapho-semilunar socket, so that 
its lower extremity passes a little backward. 

The student must bear in mind, in studying these 
actions of the carpus, how speedily all its motions are 
arrested by the tension of the carpal ligaments; upon 
which, owing to this very circumstance, the force of every 
concussion is, in a great measure, spent. 

282. We now come to consider that portion of the 
carpus which is interposed between the radius and the 
two most exposed of the metacarpal bones; viz., the first 
and second of the series ; which oones, in all manual ex- 
ertions (as, for instance, in striking with a tool grasped in 
the hand, thrusting with the open palm, falling upon the 
upper extremity, &c.) sustain tne chief violence of every 
strain and concussion. And here, expecting to find a 
separate mechanical contrivance for the mitigation of 
violence passing along each of these bones, one is pleased 
to observe how with a single, and most simple provision, 
Nature has satisfied the double exigence. The contrivance 
to which I allude, consists in a twofold obliquity of 
the scaphoid bone ; the exact direction and effect of 
which will be understood by reference to the smaller of 
the two divisions in the last diagram, which represents 
the two metacarpal bones in question, and the scaphoid 
(a) trapezium (d) and trapezoides (e) by which they are 
supported. The axes of these several bones are respec- 
tively indicated by the straight lines ah,diykltem, and 
no; and, upon comparing the direction of these lines, it 
will be seen that the axis of the scaphoid is inclined upon 
that of the trapezoides, so as to form with it an obtuse 
angle, having its apex turned toward the radial side. The 
abruptness of this angle undergoes a momentary increase, 
during the passage of a concussion from the fore-finger 
to the radius ; the lower end of the scaphoid moving in 
the direction h p, and, by this action, throwing the force 
of the shock, partly on the surfaces of the joint itself, 
partly upon those of the contiguous bones, and partly 
upon several of the carpal ligaments, which are put^t<^T 
an instant, upon the stretch, ackji ixscma^c^BXi^ ^^x^^^sS^^ 
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by their reaction, restore the bones to their origimil potSi 

Bat this diagram exhibits no Httch angle interpoeeS. 
between the r^iua and the first metacarpal bone. Tha 
:B a h, d {, h I, form a. cotttinuous straight line, aloM 
which a ooncuasion might travet 
with unbroken violence, from the 
thuiab to the ertremity of the ra- 
dius. In fact, the arrangement to 
■which the thumb owes its elas- 
ticity cannot be seen in this view 
of the carpus. It is shown in the 
annexed sketch, which represents 
the scaphoides, trapezium, and 
first metacarpal bone, seen from, 
the radial side. In this latervl 
view, the axis of the scaphoid (a. h) 
is seen to form with that of the 
trapezium {d i) an obtuse angle, 
having the apei directed /oi-word, 
and consequently, not Tiaible in 
a diagram of the back of the 
carpus. The angle is preciselj 
analogous, in its relations and 
use, tJ) the former ; promoting, by 
similar means, and probably in about an equal degree, 
the longitudinal elasticity of the finger which it snp- 

283. Besides the motions thus impressed upon the 
carpus by ooncussions, its joints are brought into play 
during tie ordinary movements of the hand. Thus, in 
fieaAon, the os magnum tarns within its object, so that its 
lower extremity advances, together with the adjacent 
bones ; while the scaphoid, glidmg below npon the trape- 
zium and trapezoides, assumes a less oblique position. In 
extensiov,, precisely the opposite motions occur ; the oa 
magnum retreats at its lower extremity, and the inclination 
ot the scaphoid is increased. AMudion and adduction, 
when suddenly and forcibly performed, produce slight 
gliding motions among the carpal bones, by which the ]ar 
of abrupt cheeks is considerably diminished. The carpoa 
is also susceptible of a general movement, by which its 
anterior concavity is sbghtly increased. Bat these, and 
the like, are secondary actions — incidental rather than 
esBantiaJ ftiactionB of the cai^aa-, -skui^i. ^■^^aws to be 




1 
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organized for tlie specml, and primary pnrpose of afford- 
ing an elastic support to the fingers. 

284. This account of a few of the principal motions of 
the carpus, is chiefly derived from a minnte experimental 
analysis of the mechanism of the human hand and foot, 
which has occupied me, at intervals, during several years ; 
and may furmsh, when completed, the material of a 
separate treatise. I shall conclude, for the present, by 
suggesting a new classification of the carpal bones, 
founded on this analysis, and as I believe, more exten- 
sively applicable, and, therefore, more convenient, than 
the present division into horizontal rows. 

2o5. The carpus, considered with regard to its me- 
chanical structure, consists of two lateral portions; an 
external, smaller, comprising the scaphoides, trapezium, 
and trapezoides, presenting the trapeziO'8c<M>hoid, and 
trapezoido-scaphoid angles, and supporting the first two 
metacarpal bones ; an internal, larger, formed by the five 
remaining carpal bones and supporting the three inner 
bones of the metacarpal series. Each of these portions 
is further susceptible of a horizontal subdivision. 

The i/nm,er portion, in the arrangement of which the 
characters of firmness and solidity are conspicuous, pre- 
sents two bones and a fixed apopliAfsis (the unciform) 
helow ; two bones, and a movable apophysis (the pisiform) 
above. 

The outer portion, in the construction of which the 
character of elasticity predominates, presents two small 
bones, of cubical form, below ; and one, of larger size, 
elongated figure, and a doubly oblique inclination, above. 
This portion, like the former, possesses two apophyses, the 
superior tubercular (belonging to the scaphoid), the 
vtCferioT an unciform ridge (of the trapezium). (These two 
portions of the carpus are shown, a httle separated from 
each other, in the diagram at page 233.) 

A precisely analogous difEerence in arrangement and 
elasticity, will hereafter be shown to exist between the 
lateral portions of the tarsus ; so that this new division 
furnishes a ready means of classifying the cuboid bones, 
as well in the foot as in the hand ; a double applicability 
which the horizontal division cannot be said to possess, 
except it be taken in connexion with certain transcendental 
views concerning the modification and transposition of 
bones, which the English schools are not yet prepared i^ 
admit. And if those views bho\dd\>ft«Ao^\«^»*&k.^^'^^2s^^^^^ 
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of combining the horizontal and longitudinal divisions fi 
one method, ae here proposed, will atill have the advanSa 
tage of anggeBting, at once, the transcendental and I^J 
mechanical reiationa of the carpua. 



286. The inetacarpug Tiresenta a Beriesof five CThndrioa.,^ 
bones, which are articulated with the carpua above, aii£V 
descend, diverging alittle, to support the phalanges below.jj 
Theae bonea are desigaated numerically — firat, aecondjjl 
third, fourth, fifth, proceeding from the radial to thAl 
ulnar aide. They are all formed upon the same mode' 
with the eiception of the first, which ia analogoua i 
aeveral of ita charactera to the phalanges. For tb 
reason the first, or oe laetacarpi poUioU, will not be ii 
eluded in the following general account of the metacarp 
bones ; but will be reserved for separate descriptioi 
section on their differential characters. 
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287. Each metacarpal bone presents for exai 
two extr&mitiee, connected hy a body or shaft. 

288. ExTRBMiTiBS. Swponoj" OT Owrpal. Thia eitremi^ J 
is considerably expanded, somewhat of a cubical fonn^ J 
and wider behind tnan before. It presents five sur/ac- -"■ 
a guperior, smooth and cartilaginous for articulation w_ 
the carpus ; an anterior aai materior, rough and tube 
cular for the attachment of ligaments ;• and lastly, i 
internal and an external, presenting small articular face' . 
bj which the metacarpal tones articulate with each oth^r^ 
Inferior or digital. Formed by an oblong, aiticnJaj ooaiV 
dyle, flattened on each side, and prolonged forward, eoa 
that its antero-posterioT esceeds its transverse diametwyj 
Like the upper eitremity, it presents five sitr/oe 
examination. The inferior or terminal surface is convej J 
in all directions, but especially from before baotward. lim 
ia wider, and extends further upward, before than behind>9 
In the recent state, it is covered with cartilage, for artictti.^ 
lation with the first phalani of the corresponding finger.J 
Bach lateral surface preaentaaroughdeprBasiun, boundadlfH 
poateriorly hj a small tubercle. To this tubercle, and tof 
the posterior part of the depression, the upper extremity I 

* Dorsal and palmu: carp'i-meUAAi^\ U^uin 
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of a ligament* is attached. The posterior surface is wide 
and &t. The anterior is rendered slightly concave by 
two little tubercles, which project forward, one on each 
side, like diminutive condyles ; and the shallow groove 
thus formed transmits the flexor tendons of the corre- 
sponding finger. 

289. Body or Shaft. Of a prismatic form, curved so 
as to be convex from above downward behind, concave in 
the same direction in front, and divided by three lines 
into three surfaces. Lines. Anterior, This line commences 
above by two roots, one from each side of the superior 
extremity ; becomes rough and prominent as it descends ; 
and bifurcates below to terminate at the two little condy- 
loid eminences of the inferior extremity. The superior 
and inferior bifurcations of this line enclose small trian- 
gular spaces, which form, as it were, vestiges of an anterior 
surface, and furnish a bearing for the flexor tendons, in 
their passage across the palm. It is on or near the 
anterior line, a little above the middle of the shaft, that 
the medullary foramen is seen, entering the bone obliquely 
upward. (In adult specimens, however, this aperture is 
usually closed up, and its place cannot be discerned.) 
Inner and outer. A common description will suffice for 
these lines. Each descends from one side of the superior 
extremity, to the lateral tubercle on the corresponding 
side of the lower extremity. Smooth, but sufficiently 
distinct, they separate the posterior from the two lateral 
surfaces. Surfaces. Posterior, Convex from above down- 
ward, and wider above and below than in the middle. Its 
upper half is divided, by a longitudinal ridge, into two 
narrow portions. This ridge bifurcates at the middle of 
the bone, and its branches run to the lateral tubercles of 
the lower extremity. Thus the posterior surface is divided 
into three portions ; two superior, directed laterally, of 
triangular form (with the apex downward), giving attach- 
ment to muscles ;t one inferior, and more extensive, also 
of trian^ar figure (but with the apex above), flat, 
directed backward, and covered by the tendons which 
extend the fingers. Lateral. These surfaces are separated 
from each other by the anterior line. They are slightly 
concave from above downward, and convex in the opposite 
direction. They correspond to the inteross&jus spaces 



* Lateral ligament of the metacarpo-phalangeal \q\xiC 
t Dorsal lutexoaMl. 
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wluch exist between the abafts of the metacarpa,! bones;- 
aai they give attachment to the moscleH which those 
Hpacea contain.* 

290. Strdctube. The metaearpaJ bones have already 
been stated to belong to the class of cylindrical or long 
bones ; we have here to add, that they present the interior 
conformation common to that class ; an acconnt of which 
will be fonnd appended to the description of the humerna. 
(248) Development. The fonr metacarpal bones to 
which the above general description eiclusively applies 
are developed by two points each ; one for the shaft, and 
one for the lower estremity. The metacarpal bone of the 
thnmb has a pecnliar development, which will be men- 
tioned among its differential characters. Abticuiations. 
With the carpal bones, and with each other above ; with 
the phalanges below. 
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291. This ia the shortest and widest of the metacarpal 
bones. It is placed on a plane anterior to that of the 
other four ; and it is so tunied, that its anterior surfaco 
l(»ks somewhat inward toward them. Moreover, it 
diverges from its carpal joint more than any other bone 
of the series ; whence the great width, and triangular 
form, of the interosseous space between this and the 
second metacarpal bone. 

293. EsTEtEMiTiBS, Siiperior. Is most extensive in the 
transverse diameter. Its carpal airticulathig surface is 
remarkably carved, being concave from behind forward, 
and convei from side to side, to correspond with the 
lower Burt'aoe of the trapezium, upon which it enjoys con- 
siderable variety andeitent of motion. Its loierai surfaces 
are distinguished by the absence of articular facets (for 
this bone articulates with no other of its series) ; the 
order presents a rough tubercle for the attachment of a 
muscle.f The anterhr and pasierior surfaces appertain 
to the prolongations of bone which ascend before and 
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beliind, from this extremity, to embrace tlie trapezium. 
These two processes deserve attention. The anterior is 
long and thin ; the posterior is the shorter, thicker, and 
apparently the stronger of the two. Inferior, This 
extremity differs in several respects, from the corre- 
sponding portion of the other metacarpal bones. It is 
more extensive from side to side, than from before back- 
w:ard ; its terminal surface is less convex especially in the 
transverse direction ; and prolonged upward in front to 
form two little articular condyles, one on each side, which 
correspond to the two sesamoid bones of the thumb. 

293. Shaft. The ffreat width and the oblique position 
of the shaft of this bone have already been noticed. Its 
anterior line gives attachment to a muscle,* and is less 
distinctly marked than the lateral lines, each of which 
also attaches a muscle.f The posterior sn/rface is wide, 
and destitute of the bifurcated ridge which the other 
metacarpal bones here present. 

294. Development. This bone is developed by two 
ossific points ; one for the shaft, the other for one of the 
extremities. But, whereas in all the rest of the series, it 
is the lower extremity which ossifies separately, in this 
bone, on the contrary, the extra point occurs in the up^er 
extremity; a character tending (as we shall presently 
find) to assimilate this bone to the phalanges. Of the 
remaining metacarpal bones, the third is the longest. 
The second, fourth, and fifth, diminish in length in the 
order of enumeration. (The first, as we have already 
observed, is the shortest and thickest of the series.) They 
are further distinguished bj peculiarities of form, almost 
exclusively confined to their upper extremities. 

0? THE SECOND METACARPAL BONE, OK OS METACABFI 

INDICIS. 

295. This is the longest bone of the series. Its coflrpal 
extremity is prolonged upward internally, and presents 
before and hehi/nd, rough muscular impressions.^ Its 
terminal surface is divided into three parts ; of which the 



* Flexor brevis pollicis. 
t The internal attaches the abdvotor indicis, and the external, 
the opponens pollicis. 

X For the flexor carpi radialis in front, the extensor cac^i r^diat&&& 
lonjj^ior behind. 

DL 
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miiddle is by far the largest, concave from aide to 
and Blightly convex from before backward, for articnla- 
tion with tbe trapezoid bone ; the outer is a flat quadri- 
lateral facet, directed upward, ontward, and forward, 
for articulation witb the trapezium ; the injiar is a narrow 
surface, directed upward ana inward, for articulation with 
tbe OS magnum. Jntenmlh/, this extTemity articulates 
by two flat facets, placed one before tbe other, witb cor- 
responding surfaces on tbe tbird metacarpal bone. 

OP THB THIRD 



296, Upper extbbuitt. FresentB, at its external and 
posterior part, a strong pyramidal eminence, which, in the 
articulated hand, is seen extending upward behind tbe ob 
magnum, Tbe carpal articulating surface ia concave 
behind, and convei in front. It corresponds to the 
middle of the three divisions of tbe inferior snrt'ace of tbe 
OS magnum. Each lota'al surface of this eitremity pre- 
senta two little articular facets (which are aometimos 
united so as to form a, single surface) for articulation 
vrith similar facets on the adjacent metacarpal bones. 
Its posterior surface is marked with a small tubercle, 
wbjoii indicates tbe attachment of a muscle.* 

OS THE roDsm METiC.tapAL bone. 

297. Upper extremiit. Tbe terminal siirfaes is divided 
into two parts; an internal, large, slightly couvei from 
before backward, plane transversely, and articulated with 
the nnciform bone ; an exteraal, very small, flat, situated 
posteriorly, and articulated with the os magnum. Its 
Older aurface presents two oval facets, separated by a 
deep groove, and articulated to the corresponding facets 
on the third metacarpal bone. Its inner aspect presents 
a narrow, concave, articular surface, which unites with a 
similar one on tbe tiftb metacarpal bone. 



298. Upper nxiftEMiTV. Presents a terminal surface, 
mvei from before backward, sUgbtly concave from side 
J side, and directed a little outwani, to articulate with 

• Eilenaot carpi ittialia btevior. 
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tlie nnciform bone; an outer surface, narrow, slightly 
convex, and articulated with the fourth metacarpal bone; 
an inner surf ace, marked with a rough tubercle, for the 
attachment of a muscle* 

299. Body. Is remarkable for its posterior surface, 
which, instead of the usual longitudinal bifurcated ridge, 
presents a simple ohUque line, running diagonally, from 
the inner side of the upper extremity, to ttie outer side 
of the lower. It is thus divided into two parts, of which 
the outer is concave, for the attachment of a muscle,t 
while the inner (also the inferior, and the more extensive 
of the two) is smooth, Hat, and covered by tendons.]; 

OF THE METACARPUS IN GENERAL.. 

300. The metacarpus, viewed collectively, constitutes a 
region of quadrilateral form, wider below than above, 
convex on tne dorsal, concave on the palmar aspect. Its 
MECHANISM may be considered under two heads ; first, the 
relations of the metacarpus to the carpus, or the carpo- 
metaca/rpal a/rticulations ; second, the mutual relations 
of its several bones to each other, or the inter -metacarpal 
articulations, 

301. The carpo-m6<acarpaZ joints are formed, generally 
speaking, by the contact of sUghtly -curved surfaces, sus- 
ceptible only of very limited gliding motions on each 
other. But the articulation between the trapezium and 
the metacarpal bone of the thumb, is distinguished from 
the rest, as well by the peculiarity of its form, as by its 
superior mobility. Its articulating surfaces are alter- 
nately convex and concave, in opposite directions, so as 
mutuallv to embrace and receive each other ; exemplify- 
ing a kind of joint which occurs in several parts of the 
skeleton, and may, perhaps, be convenientH' distinguished 
by the name of reciprocal enarthrosis. Like the radio- 
carpal articulations, this joint possesses, in a limited 
degree, all the motions of an ordinary enarthrosis, except 
ro&tion ; which is obviously prevented by the configura- 
tion of the opposed surfaces. To the diversified motions 
of this joint, the great mobility of the thumb, and its 
power of opposition to the fingers (an action character- 
istic of the nand), are, in a great measure, to be ascribed. 



* Extensor carpi ulnaris. f Fourth dorsal ix\.\AX^«»Ki^''^&. 

} Extensors of the UtWe ^^«t. 
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9ti FINGERS. 

Of the remaining carpo-metacarpal articnlationa, two 
only are remarkable. The secoiid presents a recesa, formed 
bj the trapezium, trapezoidee, and magnum, into which, 
the metacarpal bone of the index finger ia received, and 
by which it ie very firmly maintained in its position. 
"Hie fifth resemblea the first in the double curviiture of 
its articulating surfaees; and its motions, though far 
more limited in. degree, are of the same kind. 

802. The i^ter ■'metacarpal joints are form.ed merely by 
the meeting of flat, lateral facets, on the npper eirtre- 
mities of the metacarpal bones; they are specimens of 
the simplest form of arthrodia ot gliding joitit ; aad their 
motions, being speedily cheeked by the neighbouring,, 
ligament'!, are neither sitensiTe nor important. _^ 



303. The fingers are five jointed eolamns, of a cohichI 
form, articulated by their bases to the metacarpal bones, 
and free in the rest of their extent. Each finger conaista 
of three jilmlanges, distinguished from each other, as 
first, second, and third, or metaearpal, tniddle, and fer- 
ininal. The only exception t« thia rule occurs in the 
thnmb ; in which the middle phalanx is deficient, and the 
first articulates immediately with the third; wherefore, 
viewed coilectively, the fingers present a series of four- 
teen ■phalangas, disposed in three horizontal rows, of 
which the first and third contain five bones each, tLe 
second only four. The phalanges of each row resemble 
one another, and differ from those of the two other rowH, 
However, neither the difference nor the resemblance is so 
absolute, but that there remain, on the one hand, certain 
characters common to the whole series of phalanges, and, 
on the other, moans of ideatilyiug, among its fellows, 
each individual member of either row. We have, there- 
fore, to consider, in the first place, the characters of the 
phalanges in general ; secondly, the characters pecn- 
liar io the bones of the first, second, and third rowa 
respectively ; and laBtly, the means of distinguishinjr, 
and ranging in right order, the particular bones of each 
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CHABACTEBS COMMON TO ALL THE PHALANGES. 

304. The phalanges are bones of the class called cylin- 
drical ; and they, conseqnently, present for examination, 
a body, or shaft, and two extremities. 

305. The extremities are more extensive in the trans- 
verse than in the antero-posterior diameter, convex be- 
hind, slightly concave in nront, rough and tubercular on 
each side. The superior extremity exceeds the inferior in 
size ; it is of a somewhat cubical form, and presents a 
concave terminal articulating surface, adapted to the 
convex extremity of the bone above. The inferior ex- 
tremity, being articular in the two upper rows, non- 
articular in the third, is not susceptible of a general 
description. The shaft tapers, more or less, from above 
downward, and is curved upon itself in the direction of 
its length, so as to be convex posteriorly, concave in front. 
It presents an anterior and a posterior surface, separated 
by two lateral borders. Its surfaces are smootn ; the 
posterior is convex in both directions, and in relation with 
the extensor tendons ; the anterior is concave longitudi- 
nally, in general also slightly hollowed from side to side, 
and covered by the flexor tendons. Its sides are rounded 
and prominent, for the attachment of ligaments.* The 
lateral borders are sharp and rough; they commence 
superiorly at the anterior comers of the cuboid upper ex- 
tremity ; converge as they descend, in consequence of the 
tapering form of the bone ; and terminate, below, at the 
sides of the inferior extremity. 

CHABACTESS DISTINGUISHING THE PHALANGES OF 

EACH £0W. 

306. FmsT ROW. The phalanges of this row are the 
longest and largest of the series. Their upper extremity 
is hollowed above by a shallow articular concavity, which 
receives the head of the corresponding metacarpal bone. 
This depression, being of an oval form, with its long 
diameter from side to side, is insufficient of itself to cover 
the head of the metacarpal bone, which is more exten- 
sive in the antero-posterior than in the transverse 
diameter. But, in the recent subject, a glenoid ligament, 



* Latexal'UgKmfinDXA, 



243 SECOND AND THIED EOW OF PHALANGES. H 

of dense fibrona texture, is attached to the anterior bor-" 
der of this extremity, and prolongs the cavity upward 
and forward, supplying that portion of the soctet in 
which the phalans itself is deticient, A tendon ia at- 
tached to each lateral aarface, and another (occasionallj) 
to the posterior aspect, of this extremity.* The lotiier aso- . 
tremity is terminated hy a amooth, trochlear eur&ce, 
which preaenta two lateral conveiitiea, separated by a 
wide, shallow ^oore. This anrface is prolonged farther 
npward, its width is greater, and its convexities are more 
prominent, hefore than hehind. The sides of the lower 
extremity present ronghened depressions for the attach- 
ment of ligamenta.f The shaft, in this, and in the fol- 
lowing row, haa the appeaiance of a cylinder, of whicli 
the anterior half has been removed hy a longitadinal 
seotjon, and the remaining portion curved a little on it- 
self, and ahghtly grooved from above downward in front. 
The gurfaces and borders are accurately represented by 
the foregoing general deaeription. The borders give at- 
tachment to the fibrOQs sheaths in which the deior ten- 

807. Second row. Tie phalanges of this row are in- 
termediate in size, as in position, between those of the 
first and third. They are difltiDgniahed from the former 
by the articular surface of the upper extremity, which 
presents two lateral depressions, separated hy a smooth 
ridge, and correaponding to the httle condyles of the 
phalanx above. In other reapecta their configuration 
exactly resembles that of the preceding row. They give 
attachment each to two tendona.t 

308. Tbihd row. These little bonea, which sustain the 
nails behind, and the sensitive pulp of the fingers in front, 
are immediately recognised by their small size, the 
rapidly tapering form of the shaft, and the peculiar 
character of the non-articular lower extremity, which. 
presents, anteriorly, a convex roughened surface, of a 



• The lateral surfaces give insertion to tbfi iuterosfmii ths poB- 
l^rior BnrFace attacbes, in the thumb, (be extensor primi inttimodii 
poUicis, uid occtksioiiAlly, in the romsining floKers, little sHpa givea 
off by the tendons of the eitenaor commoniB digitamm. 

t Lateral ligajnenta. 

I By tbpir rough lateral bordotB to a bifurcated tendon of the 
fleior digiloram suhlimis pprfoixliu ; by the posterior aurfaco of 
the nppvr pitremitj to the middle of the throe sUpa, into which 
each trjidoD of (he ezteubot commni^a ^f^Vo^Mm. ^-(vlBa. 
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• 

Bemfltmar or horseshoe fipire, bonnded inferiorly by a 
serrated semicircular margin, that separates it from the 
posterior aspect, and constitutes the tip, or free termina- 
tion of the bone. The ends of this semilonar surface are 
directed upward, and I have sometimes observed them 
prolonged, in the form of little conical processes, about a 
line long, with free pointed extremities. The upper eX' 
tremity of this phalanx is very large in proportion to the 
lower; its circumference is remarkably tubercular, and 
presents in front and behind rough tendinous impres- 
sions.* Its superior surface is an exact repetition oi the 
corresponding articular aspect in the phalanges of the 
second row. 



MEANS OF DISTINGUISHING THE PABTICULAB PHALANGES 

OF EACH BOW. 

309. The phalanges of each row exactly resemble one 
another in form, and would be indistinguishable but for 
their difference in size. Their dimensions are propor- 
tionate to those of the fingers to which they belong. 
Thus, as the middle finger is the longest of the finders, 
so its phalanges are respectively the longest bones of the 
three rows. The ring finger, fore-finger, little finger, and 
thumb, follow the middle fiiiger, diminishing in lenffth in 
the order of enumeration. The comparative width and 
thickness of the fingers is represented by the same order, 
except that the nng fioger and fore-finger change 
places, and that the thumb stands first instead of lastr-- 
its phalanges being at once the shortest and the stoutest 
of the series. 

Thus, then, the phalanges of each row are only known 
from one another bv their relative dimensions; and a 
comparison of the whole row is necessary for the identi- 
fication of either one. 

310. In the recent subject, several phalanges are dis- 
tinguished by the possession of special motors. Such are 



* In the thnimh, tiie anterior surface of this phalanx, gives 
attachment to the flexor longns poUicis ; the posterior, to the exp 
tensor secundi internodii poUicis. in the other fingers, tiie anterior 
surface gives insertion to a tendon of the flexor digitonun pro- 
fundus perforans ; the posterior, to a conjoined slip formed by the 
two lateral of the three portions into which each tAs^^^s^ ^ "^b^ 
eftteuBor digitorom communis ^vi^s. 
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the phalangea of the thumb, of the indei-finger, and cf 
the little finger.* 

311. SiitDCTHRE. The internal conformation of tLe 
phalanges Teeembles that of the cylmdrical bones in 
general. (248) DEVJtLOPMBNT. Each phalans is deTeloped 
by two pfjints of ossification, one tor the body and lower 
ertromity, the other for the upper estreioity. The first 
appears early in fostal life, the second not until several 
yeara after birth. The two separately -developed portioHB 
unite between the eighteenth and twentieth year. Ab- 
TicinATiUNa. The first phalanx of each finger articulates 
with the corresponding metacarpal bones, the second and 
third articulate each with its predecessor. 

312, Mechanism. The mechanism of the fingers is 
eimple. The melacarpo-phalangeal joints Are enoMiTOaeB, 
capitble of flexion, ertensioo, abduction, addnction, cir- 
onmdnction, and, in a very limited degree, of rotation. 
Flexion may be continued till the articulating bones 
form a riKht angle with each other ; ea^e^isioit can be 
carried only a, few degrees beyond the right line ; abd/ao- 
tion and addTiction are intermediate in point of freedom 
between flexion and exteuaion ; the scope of circumduc- 
tion maybe interred from that of its constituent motions; 
rotation is very obscure and hmited. The inter-phalan- 
0eal joints are of the class called ginglymoid ; they en- 
joy hinge-liJte motion in a single plane, flesion to a ri^ht 
angle, extension to a right line. Their motion is steadied, 
and their liability to dislocation diminished, by the recep- 
tion of a central ridge on the lower surface into a cor- 
responding groove of the upper ; and of two lateral con- 
vexities of the npr«r, into depressions of similar form and 
dimensions, hollowed on the lower. 



• The extsnsor primi md. oecnnili intemodii pollicia. and tho 
flejtor IgDgns pollicia, am attarhed to the phalaagea of tho Ihnmli^ 
ftt poinls already indicated; and besidi?a these, the flexor breviSf 
abductor, and adductor polHcis, are iDserted iuto tlie upper extre- 
mity of its first phalaai. The indei and little finger poasasi 
eacQ of them, a apueial eitenaor, which unitos its teudon to that of 
the oommoh eittiusor ; and the little finder is funiisbed also with & 
short flexor, and a short adductor, attached to the superior extre- 
mity of its first phalanx. 
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OP THE HAND IN GENERAL. 



313. The functions of the hand, thongh for the most 
part matters of common experience, assume a new in- 
terest when considered in connexion with its anatomical 
structure. Their numher and variety, contrasted with 
the simplicity of the mechanism by which they are per- 
formed, illustrate the characteristic tendency of Nature 
to produce, by the simplest })08sible means, the most 
numerous and diversified possible results. Guided by 
this general truth, and bearing in mind the foregoing 
anatomical descriptions, let u» review some of the ordi- 
nary actions of the hand. Compare, for instance, the 
light and gently -varying compression with which it con- 
fines a fluttering bird, to the firm and unrelaxing hold 
with which it grasps a warlike weapon, or wields some 
heavy tool. Consider the swiftness of its movements in 
following a speaker with the pen ; their variety in loosen- 
ing a tangled knot ; their nicety and precision in passing 
a thread through the eye of a needle. How steadily it 
guides the edee of the scalpel in a critical operation of 
surgery ; with what singular truth it shapes the course 
of the schoolboy's marole, or points his arrow to its 
mark ! Nor are these the most wonderful of its per- 
formances. Trained to the juggler's sleight, its jomts 
become yet nimbler and more pliant. Its evolutions, in 
the practice of several mechanical arts, are swifter than the 
eve can follow, of unerring regularity, independent of 
the guidance of vision, and productive of the most sur- 
prismg results. In the musimn, the statuary, the 
painter, it becomes the minister of more subtle volitions, 
and a higher instinct ; in them, Accordingly, it acquires 
still greater freedom and fluency of motion, a yet more 
exquisite refinement and fidelity of touch. In the orator 
it assumes a new character, and functions of an entirely 
different order. For him, it is a powerful organ of ex- 
pression, an indispensable auxiliary to speech. Accom- 
panying, with significant gestures, the thoughts and 
emotions of the mind, it becomes the visible exponent of 
its secret workings — ^the tongue, so to speak, of a lan- 
guage common to all mankind. Bring together the 
wandering Arab— the red warrior of the American forests 
—the feathered barbarian of Africa — ^the civilized Euro- 
pean. Which of them will mistake the meaning of & 
hand, clenched in anger, or shaJLeiiisi ^<b%ASiSA\ ^!^s.^vj^s^fi^ 
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abroad in the attitude of commaad, or raised to teaven 
in Holemn attestation ; waved triumphantly above the 
hecid, or pointing the finger of scorn ; heckonmg, to sum- 
mon attendance; bamng the lipB, to enjoin silence; 
calmly extended in henediction ; flung wildly forth in de- 
spair ; covering the face ia shame ; wrung in the bitter- 
ness of grief ; spread, shuddering in horror ; folded 
tranquilly in the act of prayer? Our limits forbid us to 
pursue this subject, or to multiply illuatrations. We will 
select, for our concluding example, a function of the 
hand, which stands in strong contrast to all that have 
gone before, and fumisMts a new proof of the remark- 
able vertatiiify of its powera. This delicate organ- 
capable, as we have seen, of moving with the speed and 
precision of clockwork — may be doubled to form a weapon 
of offence, and employed, in the manner of a bludgeon, 
to give heavy blows, or to repel the strokes of au as- 
sailant. These violent concuasions it sustains uninjured; 
eluding their force by its elasticity ; and returning, with 
unimpaired activity, to the operations of the lathe or the 

OF TUB LOWER EKTREMITV. 

314. We have already had occasion to observe, that in 
the lateral segments of the lower jaw, the prehenailB 
appendages of the thorax, and the pair of limbs attached 
to the pelvis, the transcendental anatomists trace the 
threefold repetition of a common type, subject to such 
modifications of size and form as are necessary t« fit 
it, in each instance, for the performance of special fnac- 
tJons, These analogies are overlooked, or denied, by de- 
scriptive anatomists, so far as the jaw is concerned : bat 
the similarity between the thoracic and pelvic ex- 
tremities, is BO striking, that their relation to a common 
standard is now universally recognised. Thus the thigh, 
leg, and foot, in the inferior extremity, correspond to the 
arm, fore-arm, and kaiid, in the superior; while the 
kaunch, articulating with the Ihigh, is strictly analo- 
gous to the ehnulder which supporfai the ami. And, aa 
ttie regions of each limb have their respective analogies 
in the other, so have also the subdivisions of each region — 
BO have the bones of each subdivision — so have even. 
the principal lines and processes of each separate bone. 
So far as the admission of descriptive auatoniists ertendB, 
the considerd-tioD of theee cmelf^^a faUa within the plan 
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of the present treatise. A comparative review of the 
thoracic and pelvic extremities will, accordingly, be fonnd 
in the conclnding section of this chapter. Meanwhile we 
shall proceed to describe, in succession, the three regions 
enumerated above ; viz., the thigh, the leg, and the foot ; 
referring the student to the fourth chapter (192—206) ; 
for a description of the ha/unch, and for an account of its 
true relations. 

OP THE THIGH. 

315. The thigh is formed by a single bone, called the 
femur, 

OP THE PEMUB. 

316. Transmitting the entire weight of the trunk from 
the haunch to the tibia, this bone is the largest, heaviest, 
and strongest, not only of the limb to which it belongs, 
but of the whole skeleton. It presents a general curva- 
ture in the longitudinal direction, rendering it convex in 
front, concave on the opposite aspect. In the natural 
position it inclines from above downward and inward, 
approaching its fellow at the lower extremity, but being 
separated from it, above, hj the whole width of the true 
pelvis. This inclination is increased by the conformation 
of the superior extremity, which presents an elongated 
neck, intervening obUquely between the head and the 
shaft, so as to throw the summit of the latter still farther 
outward from the median line. The student should 
regard the bone in an articulated skeleton, so as to 
acquire a general notion of its form and position, before 
proceeding to the separate examination of its extremities 
and shaft, 

317. SuPERiOB SXTBEMITT. Presents for examination a 
head, a neck, two trochanters, the greater and the smaller ; 
a line connecting the trochanters, called the vnter^rocham,- 
teric line ; an eminence which may be denominated the 
tubercle of the femv/r; and a ridge, which, from its 
winding course, I propose to designate the spiral line 
of the fevfywr. These objects have Sie following relative 
position. The head is supported on the summit of the 
neck, which stands inwaid at an obtuse angle from 
the shaft, and is bounded at its base, above by the tro^ 
chamter major, below by the irochamieT mvnor, behind by 
the inter-trochanteric Une, in front by the tuherde of ihA 
femur, and by the upper piat o£ \Jttft vj^oiXi \\.t\.^, "fes^^s^. 
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A smooth ball, of very regular form, aomewliat n 
hemi spherical, direcfed upward, inward, and a little for- 
ward, for artieulation with the acetobulum. It is sepa- 
rated from the neck by a simiona line. Its surface it 
everywhere covered with cartilage, eicept at a point just 
behind and helow ita centre, where it presentB a rough 
depression for the attachment of a ligament.* !NerK. A 
strong, pyramidal process, directed upward, inward, ajkd 
a little forward, from, the body, bo as to form, with it an 
obtnse angle of ahont 126°. It is flattened from before 
backward, so that its greatest strength is in the vertical 
direction; joined to the shaft by ita base, to the bead by 
its summit; and contracted a httle in the middle of its 
length.. Its superior harder is wide and short, perforated 
with large and numerous vascnlar foramina, and limited 
eiternally by the trochanter major. Its inferior border 
is longer and narrower than the superior, aJid curves a 
little backward below, to torminate at the trochanter 
minor. Its anlerior and posterioT aurfacee present no 
remarkable features for notice. The piieteridr ia the 
longer, smoother, and more concave of the two ; it U 
bounded beluw by the intei> trochanteric line. The anierwr 
is leas even, perforated with a large number of nutrient 
foramina, and bounded helow by the tubercle, and the 
ohliqne Une of the femur. The whole of the neck is en- 
closed within the capsular ligament of the joint, which is 
attached around its base. TRorHuiTER major. A lai;^ 
quadrilateral eminence, occupying the truncated angle 
formed by the junction of the upper border of the neck 
with the outer side of the shaft It rises above the level 
of the neck, in a continuous hne with the body, of which 
it appears a vertical prolongation. It ia flattened from 
side to side, so as to present an internal and an erternal 
»ur_face, separated by four hordes. But the trochanter 
major ia joined to the rest of the bone at its anterior and 
inferior part, and only projects as a free eminence above 
and behind. Hence, while superior and posterior borders 
are Irue borders, forming by their union a prominent 
angle, the anterior and inferior borders are mere line*, 
separating the outer aspect of the trochanter from the 
adjacent surface of the shaft. This trochanter should bo 
studied minutely, becanae it gives attachment to several 
large and important muscles. SoitFACits. Ej^lemid. Gon- 

• LigamBQlum letas qI \ 
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vex, quadrilateral, and divided into two triangular por- 
tions, by a rough line, whicli runs diagonally from its 
posterior-superior, to its anterior-inferior comer. The 
diagonal line gives attachment to a flat tendon.* The 
triangular suitace above the line is covered by this 
tendon, which glides upon it by tlie intervention of a 
synovial bursa. The surface below the line is smooth, 
and covered with a synovial sac, to permit the free gliding 
of another tendon.f Internal. The anterior-inferior part 
of this surface is continuous with the rest of the bone ; 
the posterior- superior portion is free, and hollowed by a 
rough depression, called the digital, or trochanteric fossa, 
which gives attachment to four muscles-l Bordebs. 
Superior. A thick, free edge, nearly horizontal, and 
marked with the impressions of two tendon8.§ Inferior, 
A rough line, which runs parallel to the superior border, 
separating the outer surface of the trochanter from the 
corresponding aspect of the shaft, and attaching the 
upper fibres of a large muscle. || Posterior, A vertical 
border, presenting a nree, rounded edge, which forms the 
posterior lip of the digital fossa. Anterior, An irregular 
tine, running parallel to the posterior border and usually 
more prominent above and below. Angles. Of the four 
angles formed by the junction of these borders, only one, 
the superior-posterior, requires particular description. It 
is a free, prolonged angle, curved a little inward, so as to 
overhang the digital fossa, and giving attachment to part 
of a tendon.^ Trochanter minor. An epiphysis of 
pyramidal form, situated at the inner and posterior part 
of the bone, just where the lower border of the neck joins 
the shaft. It is directed inward, backward, and a little 
downward ; its summit is rough, and gives insertion to a 
tendon.** It has three borders, a superior, joining the 
lower border of the neck ; & posterior, continuous with the 
inter-trochanteric line ; an inferior, in which the inner 
branch of the linea aspera (320) terminates. Its surfaces 

* GlatcuB medius. (Sometimea, when this muscle is well de- 
veloped, the fibres of its tendon are attached, not only to the 
diagonal line, but to the surface above it.) 

f Gluteus maximus. 

X Which, enumerated from above downward, are gemellus 
superior, obturator intemus, gemellus inferior, obturator extemns. 

} Pyriformis behind, glutseus minimus in front.^ 

y Vastus extemus. \ Pyriformis. 

'* United tendon of psoas magnos^ tad V^ui&S&Xmsn]^ 
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present no remarkable features; the poefertor ia emooth, 
and covered, in the recent subject, ■with a bursa, to permit 
the free gliiiing of a miiHcle.* Tcberclb or trb pemur. 
A well'inarked apophysis, often of ooneiderahle size and 
prominence, situated on the anterior aspect of the bone, 
at the base of the neck, internal to the trochanter major. 
It is the meetiag- point of three nmsonlar iusertiona.t 
Between this tubercle and the anterior border of the 
great trochanter, there is a triangular concave surface, 
covered, in the recent sabject, with a bursa, to permit the 
gliding of a tendon. J The surface is sometimes described 
as the anterior aspect of the trochanter major. It ia 
separated from the shaft by a line, which runs downward 
and outward from the tubercle, aaid joins the lower border 
of the trochanter major forminjir with it the superior 
limit of the attachment of a large mnscle. Inteh-tro- 
CHAHTBBic LTHR. A distinct ridge, passing from the 
posterior-inferior angle of the trochanter major, down- 
ward and inward to the trochanter minor. It runs along 
the base of the neck, forming the inferior bonndary of ite 
posterior enrface, and giving attaehment to part of a 
ligament.§ Spiral line. Commences at the tubercle of 
the femur, runs from, thence obliquely downward and in- 
ward along the base of the neck, passes beneath the tro- 
chanter minor, winds spirally across the internal surface 
to the posterior aspect of the bone, and there terminates, 
by falling upon the Unea aspera. (330) Above the leTel 
oi the trochanter minor it is rough, separates the anterior 
Burface of the neck from the corresponding aspect of the 
shaft, attaches part of a ligament,§ and forms the npper 
boundary of the origin of a large muBcle.|| Below the 
level of the trochanter minor it is less prominent, and 
gives attachment to the upper fibres of another muacle._^ 
318. Ihfbbior EXTitEMiii'. This eitremity is of a cuboid 



• QnadratuB femoria. 

t Vastoa BXterauB, and crareQs, below ; i^lutsna miaimns, abovs. 

t Olutmia medius. (Bourgpry mnkea tLle aurfaco tho pUce of 
insertion of the glutauB minimaa, which Cruveilhier deeuribas ka 
attached to the upper border of the trochnDter maior, aud to tho 
line eilendiDg from that border to the tubercle, I have se>>D two 
instances in which the insertion of this muBcle agrae'l with Bonr- 
eeiy's description; hnt its attachment gtuerally coiucidiia with 
toe account given by Cruveilhier.) 

f Ctpamai:. ) Cmieus. ^ Vastus intemus. 
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form, and lias a terminal articulating surface of remark- 
able extent. It is larger than the superior extremity ; 
more extensive in the lateral than in the antero-postenor 
diameter; wider behind than before. It presents two 
lateral condyloid eminences, of an oblong form, flattened 
from side to side, projecting considerably behind, where 
tiiey are separated by a deep notch, slightly prominent also 
in front, wnere they are continuous with each other and 
with the shaft of the bone. These two processes are 
called the condyles of the femur ; and the interval between 
them is the inter-condyloid notch. The external condyle 
projects further forward than the internal. It is also 
somewhat more extensive, both in the antero-posterior 
and in the transverse diameter. The internal condyle, on 
the other hand, is more prominent laterally, and descends 
lower than its fellow ; so that when the bone stands on 
a level surface, its upper extremity is thrown outward 
from the vertical line. The condyles are not parallel to 
each other. The long axis of the external condyle runs 
directly backward, tnat of the internal condyle runs 
obliquely backward and inward. Notwithstanding these 
differences, the condyles present a strong general resem- 
blance to each other, and are susceptible, to a great 
extent, of a conmion description. Thus, the inferior 
aurfoAie of each condyle is convex, and rests, during 
extension of the leg, in a shallow cavity formed partly by 
the tibia, partly by one of the fibro-cartilages of the knee- 
joint. HEe posterior extremity of each condyle presents a 
smooth convexity, continuous with the inferior surface, 
and received, during flexion of the leg, into the same 
cavity, which supports that surface during extension. 
The anterior extremity of each condyle is smooth and 
articular. The two anterior extremities form, by their 
union, a trochlea/r surfojce, on which the patella, or knee- 
pan, glides. This trochlear surface presents a median 
vertical groove, and two lateral convexities. The groove 
extends downward and backward, as far as the inter- 
condyloid notch. Of the convexities, the external is more 
prominent, wider, and prolonged further upward than 
the i/ntemal. Of the lateral surfaces of the con- 
dyles, two are opposed to each other, and form the 
lateral boundaries of the inter-condyloid notch. These 
are the inner surface of the external condyle, and the 
outer surface of the internal condyle. They are small 
surfaces, equal in extent, each conca^^ ^a^ i:^\y^ V^^ 
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the attachment of a ligament.* The two remaiaiag 
lateral surfacea are much more extensive, and present 
each a conaiderahle emmence for mnacnlar and liga- 
mentoas insertion. These eminences are called the tube- 
roeiiiee of the fem.uj, The intumnl tiiberoeify is aitnated 
on the inner surtafie of the internal condyle. It is tt 
large converity, rough for the attachment of a liganiant,^" 
and surmounted by a amaU, hut very distinct tuberda, 
which indicatea the inferior limit of the insertion of a 
large mnacle.^ Immediately behind this tnbercle, upon 
the tipper aapect of the inner condyle, there ia a roofth 
depression, which gives origin to a tendon.§ The external 
luberoeity projecis from the outer surface of the estemal 
condyle. It la smaller and more angular than the in- 
ternal ; it preBenta, just behind ita moat prominent point, 
a distinct rough depTMiion, for the attachment of a 
tendon. || Thia tuberosity alao attaches a ligaraentT 
Below it there ia a groove which commences at a point 
vertically tinder the centre of the tuberoaity, and from 
thence runs obhquely backward and upward, to the pos- 
terior extremity of the condyle. At the anterior extre- 
mity of this groove there is a rough impression vrhidi 
gives origin to a tendon.** The groove itself is smooUi, 
covered with cartilage in the recent state, and designed 
for tha reception of tiie tendon juat mentioned, daring ex- 
treme flexion of the leg. The inferior lip of this groove is 
also smooth, and covered with cartilage, to permit the 
free gliding of the same tendon. Such are the objects 
presented by the condyles. The inter-condi/loid ncitn: ' 
space bounded, laterally, by anrfaces of the condyli_ , 
ready described, and in front, by the lower eitremilj 
the shaft. It is open above, below, and behind, and 
lodges a pair of ligaments that are attached to its sides.H 
The lower extremity of the femnr ia perforated %ri_^ 
many nutrient foramina. These are especially large 






* ThB inner BnrfBce of the Bitomfll condyle gives sttochnaent, 
b; its poBterior p&rt, tu tha anterior crucial ligameDt ; tlie outi^r 
EnHace of the iateniBl condyle gives actifbmeat, by ita uitarior 
part, to ths poBtorior crucial ligament. 

t Internal lateral ligament uF knOD-joint. 

[ Adductor mugnufl, { Internal head ol gsatrocnemiiu. 

^ External lateral ligament of knee-joint. 
'* Tint ol ihu pupliteuB. \\ Crudol (bsh uote *, almve^ 
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and nxLmerons at the bottom of the inter-condjloid 
notch. 

319. Shaft. The shaft of the femnr is the most perfect 
realization of the cylindrical type that the human skeleton 
presents. It is, indeed, somewhat expanded and flattened 
at its extremities, and strengthened behind by a promi- 
nent lonf^tudinal ridge; bnt, excepting these modifica- 
tions, it IS a cylinder of almost perfect regularity, pre- 
senting a smooth rounded surface, uninterrupted by 
ridges or impressions of any kind. The whole of this 
smooth surface is covered by the large muscular masses 
which serve to extend the leg ; and the description of the 
shaft mainly consists in an account of its relations to 
these muscles. In pointing out these relations, however, 
it is necessary to speak of the anterior, internal, and ex- 
ternal aspects of tne shaft ; and for the precise applica- 
tion of these terms, two lateral lines are required, in addi- 
tion to the posterior ridge. For this reason, anatomists 
select two distinct lateral eminences of the upper, and 
two of the lower extremity ; and, between these points, 
trace two imaginary lines along the sides of the shaft. 
When the terminal points are well marked, this artifi- 
cial subdivision is sufficiently definite for practical pur- 
poses ; am,d it is in this sense only that the student can 
with propriety he directed to look for lateral lines, amd 
sepa/rate swfaces, on the bodnf of this hone. We have 
already had occasion to notice the inclined position of the 
shaft of the femur, as also its longitudinal curvature (316). 
We may here add that its lower extremity is flattened 
more than the upper, and in a different plane. The 
upper extremity is flattened from before backward and 
inward ; the lower, from before directly backward. Hence 
that appearance of the shaft to wmch authors allude, 
when tney speak of it as twisted on its long axis. 

320. Lines. Posterior, or Idnea aspera. This line ap- 
pears, in the middle third of the shaft, as a longitudinal 
rib, or crest, having two elevated lips, separated by a 
rough, depressed interval. Above, and below, its tpa 
diverge from each other, forming the superior and tn- 

{'erior hifwrcations of the linea aspera. Of the superior 
^furcation, the outer branch is the rougher, and ascends 
almost vertically to the base of the trochanter major; 
the inner branch, shorter and less distinctly marked, 
passes to the lower border of the trochanter minot. TW^'^rv. 
branches are separated by a tnsJi!g<Q^ax ^si&s^^i^ ^^m^^^ 
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covered, in the recent Bnbject, by two miiadeB.* 
middle of thie space there is an iadiatinct vertical line, 
called the iineo, q-aadrala. which commencea at the pos- 
terior inierior angle of the trochanter major, runs down- 
ward for about two incber), and gives inaertion to a 
muscle.t Of the inferior bifurcation, the outer branch is 
the more prominent, and runs to the Bummit of the ex- 
ternal tuberosity ; the timer branch is interropted, in the 
middle of its coarse, by a smooth apace for the passoKe of 
an artery ;1 it terminates at the httle tuberd^, by whicb 
the intemd taberosity is surmounted. (!J18) The branches 
of the inferior bifurcation are somewhat longer, and more 
widely separated, than those of the superior. The trian- 
gular surface which they include, is called the popliteai 
apace of the femur. In the recent subject, it is traversed 
by a lar^e nerve and vessels,§ and corresponds to the 
region of the thigh, called the ham. It presents, laterallri 
two rough oblong impressions, situated jnet above the 
condyles, close to the bonndary -lines, and serving for the 
attachment of aponeurotic fibres. || The linea aspera 
gives attachment, in its whole length, to ntimerons 
muBcleB-TT It is perforated opposite the middle of the 
shaft by the medullary foramen, which enters the bone 
obliquely upward. Extemal. This line is traced from 
the anterior inferior comer of the trochant^ major, bi 
the prominent anterior eitremity of the erternal condyle. 
It separates the anterior from the estemal surface, and 
gives attachment to muscular fibres.** j|ji(e7iiai. This 
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line commences at the epiral line, opposite the level of 
the trochanter minor, and terminates, below, at the an- 
terior extremity of the internal condyle. Its upper ex- 
tremity appears, in well-marked specimens, as a vertical 
ridge which descends two or three inches, and then dis- 
appears. Elsewhere, the internal line, like the external, 
is a mere conventional boundary, not really distingnish- 
able from the anterior and internal surfaces, which it 
is said to separate. It gives attachment to muscular 
fibres.* 

321. Surfaces. Anterior. This surface lies between 
the lateral lines just described. It looks forward and a 
little outward above, directly forward below, is narrow 
and convex in the middle, expanded and somewhat flat- 
tened at its extremities. It is covered by a muscle.t which 
takes origin from its upper three-fourths, and glides, by 
the intervention of a synovial bursa, upon its lower 
fourth. Ext&maZ. Bounded, in front, by the external 
lateral line, behind by the outer lip of the linea aspera. 
It is continuous, above, with the outer surface of the 
trochanter major, below, with the corresponding aspect 
of ^e external condyle. It is covered in its whole length 
by a mu8cle,t to the fibres of which it gives origin by its 
upper three-fourths. Internal. Lies between the inner 
lip of the linea aspera, and the internal lateral line. It 
is continuous, above, with the lower border of the neck, 
below, with the inner surface of the internal condvle. It 
is smooth, and covered by a large muscle, to the fibres of 
which, however, it does not give origin.^ 

322. Stkucture. As in form, so m structure, the 
femur is the most i)erf ect specimen of its class that the 
human skeleton furnishes. The internal conformation of 
the cylindrical bones has already been described. (248) 
It is usually added, with regard to the femur, that the 
elevated ridge of the linea aspera is formed of a peculiarly . 
dense, ivory-like tissue. But upon examining, with a 
microscope, transverse sections of the femur, I have not 
been able to perceive any such difference in the quality of 
the bone ; the whole surface, as far as I can judge, is 
equally compact. 

The arrangement of the cancellous tissue in the ends of 
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the femnr, la very remarkable ; and, aa it {HuBtrates the 
general mechanical principlea wlflch determine tie 
Htractnre of this tiaane throughout the akeleton, it ahoald 
engage our particular attention. In the lower extremity 
of the bone, it consiets of numerooa alander colnnms, 
which spring on all Bidea from the interior aurfaee of the 
compact cyhnder, and deacend, converging towards each 
other, so aa to form a series of inverted arches, adapted, 
by thoir pointed form, to Buatain concussion or pressors 
transmitted from below. These converging colnmna not 
only meet, hut decussate each other ; and they Eire further 
strengthened by innumerable connecting filaments and 
laminm, which cross them in all directions, so that no 
single arch could break without those in it^ neighbonr- 
hood also giving way. Hence, notwithHtanding the tenuity 
and brittleneas of each several fibre, the reticular structnre 
possesses great strength as a whole. I have endeavoured 
by the fol&wing eii>eriment to obtain some notion of its 
resisting force. A cubical inch of cancelloua tiasne was 
cnt from the centre of the esternal condyle of an adnlt 
macerated femur, and subjected to gradnally increasing 

Eressure, with the following results. It sustained four 
undredweight without sensible alteration : sank a, little 
on one side upon the addition of the next half hundred- 
weight; and continued to yield ni>on every further in- 
crease of pressure ; so that, when the weight amounted to 
sis hundredweight, its height was reduced to half-an-inoh. 
This reduction, however, took place entirely at lie 
expense of the upper portion of the cnbe ; its lower 
moiety, which presented a much closer texture, bore the 
whole pressure of six hundredweight, without visible 
alteration. The weight of the cube submitted to this trial 
was fifty-four grains troy. It was placed during the 
experiment in the natural positiott, with its principal 
fibres upright. The side on which the cube mrst gave 
way, corresponded to the outer and posterior part of the 
condyle; aud its structure was here evidently looser and 
more fr^ile than on the side which, in the natnrel 
position, had lain nearest to the axis of the bone. Is 
Mr. Rennie's experiments on the strength ot woods, s 
cubic inch of solid elm was crushed by 1284 lbs. avair- 
dupois — about two and a half times the weight be- 
neath which the cube of reticular tissue began to 
yield. This comparison may assist the reader in form- 
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ing a jiut estimate of the atrength of the reticolar 

The CBOceUona tiBsne in the upper eitremitj of the 
shaft pTesenta a similar arrangement — the canvexities of 
the arches being here, however, directed Tipward. 

The (tenera! etmctura of the necli is shown at Fig. 1 in 
the Bobjoined diEigram. It resemblea in its mechanical 
principles a hraclcet of the kind represented in Fig. 2, in 
which a is the principal snpport, and b a cross piece tyin^ 
a to the wall or colnmn which snstains the whole. It iB 
evident that the piece a contnbntes bj its rigidity, and 
the piece b by its tenacUy, to the eappoit of the weight ; 




in other words, that the weight t^nds to lend the former, 
and to ><r«<cA the latter. Beferrinj; to Fig. 1 (in which 
the direction of the principal fibres is shown with fictitiona 
distinctness — the cross nlamentB, &c,, being pnrposely 
omitted) we find the pieces a and b of the bracket respee- 
tively represented by the sets of bony fibres marked a a 
andb h. 

The fibres a a are inclined oolnmna supporting the 
epiphysis of the head e e, and reatins below upon the thick 
nnder wall d of the neck. These fibrea {a a) are shown, iu 
the diagram, as if the; were perfectly straight, bat thej 
are not exactly so formed. They are slightly cnrred 
towards the trochanter major atwYs; and, hafe-w. *i«^ 
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&re also curved towards the trochanter, so as to &S1 h 
with the curved wall of tte neck below, from, which 
they branch off. This conatmction gives considerable 
elasticity to the neck, and tenda to obviate fractures 
whether in jumping down from a height, or in any 
other case tending to throw suddenly the inertial mo- 
mentum of tie trunk upon this part of the femur. The 
tranBverse fibres b h decussate the columns a a, and tie 
them to the thin upper wall e of the neck, and to the arch- 
work // of the upper extremity. The interval g (which 
obviously corresponds to the interval g between the parts 
a and b of the bracket. Fig. 2) is filled with a loose reticular 
tissue, presenting no determinate nor uniform arrange- 
ment A tissue of similar character occupies the spaces 
marked h. The trochanter major i contains a pretty close 
tissue, the principal fibres of which intersect one another, 
and partake of the ajched construction. Dbvblophbnt. Bt 
three principal osaific centres, one for the body, one for each. 
ertremity ; and by two secondary points, for the two tro- 
chanters. Tlie ossifie point of the shaft appears between 
the thirtieth and fortieth, day of fietal life ; that of the lower 
extremity, within the last fifteen days of the period of ges- 
tation.* This extremity of the femur is remarkable as 
being the only epiphysis in which ossification commences 
before birth. Aid as it ia the first of all the epiphyses to 
ossify, ao (in accordance with the general law, that epi* 
physes unite with the shafts of the bones in the inverae 
order of their ossification) it ia the one which remains 
longest a separate piece. The ossifie centre of the upper 
extremity appearo, a year after birth, in the head (the nei^ 
being a prolongation of the abaft, not a part of the anperior 
epiphysis). The greater trochanter begins to ossify at 
three or four years of age; the lesser trochanter, at 
thirteen or fourteen. It is not till twenty years of a^ 
that the junction of all these pieces to the shaft is com- 
plete, and that the femur attains perfect ossifie con- 
tinnity. Articulation a. By its head, with the oa in- 
nominatum ; by its inferior extremity, with the patella 



■ Hence the cztetenee of this point in a elill-boro fcetus enatJea 
many casca of medical jurisiimdcDce, it is ol importanea to deter- 
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in front, and witli the tibia, and the menisci* of the knee- 
joint, below. 

323. Vabiations of form in the fevub. The femur 
is one of those bones the form of which is influenced in 
a remarkable degree by difference of age and sex. Thus 
the angle formed by the neck with the body approaches 
more nearly to a right angle in tlie female than in the 
male, and m the old subject than in the adult. The length 
of the neck has also been observed to diminish, with ad- 
vancing years ; so that the head gradually sinks below 
the level of the trochanter major, and approaches the 
shaft, to which, in extreme old age, it becomes absolutely 
contiguous. These changes, however, are not so con- 
stant as Cloquet and other anatomists would seem to 
represent them ; for in examining the thigh-bones of very 
old subjects in the dissecting-room, I have found many 
entirely free from the above-described peculiarities, and 
indistinguishable, in respect to form, from the femur of 
the well-formed sidult. Benjamin Bell, indeed, who first 
drew attention to the process of interstitial absorption 
upon which these progressive metamorphoses depend, de- 
scribes it not as a healthy action natural to tne senile 
period of life, but rather as an abnormal process incident 
to a debilitated or otherwise morbid condition of the 
economy in particular individuals. 

MECHANISM OP THE THIGH. 

324. Our observations on this subject will have 
reference, 1st, to the structure and mechanism of the 
hip- joint ; and 2ndly, to the inclination of the neck of 
the thigh-bone, and the compensating obliqmty of its 
shaft. 

The articulation of the hip may be regarded as the 
type of the enarthrodial, or ball-and-socket joint. The 
acetabulum, though not quite hemispherical in the dry 
bone, presents, in the recent subject, a figure somewhat 
exceecUuff the moiety of a sphere; its cavitv being 
deepened, and its orifice contracted, by a fibro-cartilaginous 
brim, called the cotyloid Ugament, which embraces and 
firmly retains the head of the femur. The air is entirely ex- 



Called the internal and external semilunar fibro-cartilages. 
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claded from between tlie polished contignoua surbcesof this 
ioiut, so tliat tbeir Mparatiun from each other ia resisted 
by an atraoBpherical pressure of ISlhs. tor every Hqaani 
inch of their eitent. Thia fact haa long been known 
in the EngUah schools, though the brothers Weber 
appear to claim it as their disuovery, in their recent 
publication entitled Mechanik der Menschlichen Gehwerh- 

The hip-joint, like all enarthroaes, possesses move- 
ments of flerion and extension, abdnetion and adduction, 
rotation and circnmd notion. Of aU theas motiona, that 
of flmtion is bj far the moat important and extensive. It 
can be continued till the front of the thigh touches the 
anterior surface of the abdomen. Extension, on the con- 
trary, con be carried but a few degrees bejond the right 
line, being checked by the contact of the superior surfefie 
of the neck of the femur with the outer siile of the brim 
of the acetabulum. Abduciian ia more extensive than 
the last ; it is limited by the striking of the upper border 
of the neck of the femur against tbe upper part of the 
brim of the acetabulum. Adduction is a movement of 
small extent when the skeleton is in position ; being 
stopped, almost at the outset, by the encounter of the 
femur which ia put in motion with the corresponding 
bone of the other side. But if a clear space be afforded 
by flexing the opposite limb, adduction may be carried to 
an angle of about 45 degrees. Here it is checked, in the 
recent subject, by the tension of the external hgamenta 
of the hip-joint. In the macerated skeleton, however, 
this movement may be continued till the femur lies hori- 
zontally beneath the pelvis. The femur may also be made 



* Dr. Todd iuforms me tbnt the coQtisuoua surFnuea of the 
ihoalder- joint nn held tugetliiT in B. similar muDuer by atuosplierio 
proBSurs. He bus ascertained by axparimeiit that ao long as the 
oapflule of the Bhoulder-joiDt remHias air-tight, the heaa of thl^ 
humerua is retained within the glonoid curity uf the scBpuln; but 
thut, upon cutting opea the capsule sa as Co adtait air into iha 
joint, thu two boues immediately separate fro'u each other, Tho 
same effect takes place without perforadim of thf> cdpmile, when 
the Btmosphnric preesum nn the exlera&l surfaoe of the pint is ra- 
moved by means of an air.|iump. These taata are only appliokUs 
to jointd having a loose capsulL' ; but it ia probable Chat the pre»- 
anro of the air cnntiibutes mors or loss to the maiatenanue of onioii 
in all the diarthrudiol artiuulatioiiE. 
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to cross its fellow, by combining addnction with a slight 
movement of flexion or extension ; the limb put in motion 
passing, in the former case before, in the latter case 
behind, the opposite extremity. The motion of cvrcUnir 
duction requires no particular notice; that of rotation 
will be more readily understood when we have briefly 
noticed the inclination of the shaft of the femur, and the 
angular disposition of its head and neck. The purpose 
and meanincf of this double obliquity of the thigh-bone 
appear to have been very generally misunderstood by 
physiologists. The explanation most commonly received 
IS that advanced bv Sir Charles Bell, in his well-known 
treatise on Animal Mechanics. This eminent physiolo- 
gist compares the obliquity of the neck of the thign-bone 
to the inclination of the spokes in a cart-wheel, technically 
termed the dishing of the wheel. He conceives that 
when a cart stands on a horizontal plane (Fig. 1), so that 
the weight is equally divided between the two wheels, the 



Fig. 1. 



I^ff,2. 





bearing-spokes of each wheel are oblique to the line of 
the pressure ; but that, when the cart stands on the side 
of a hill (Pig. 2), so that more weight is thrown upon one 
wheel than upon the other, the bearing-spoke of the 
more heavily-laden wheel becomes parallel to the line of 
pressure, and is thus adapted to support the increased 
strain. In the same manner, he supposes the necks of 
the thigh-bones to be inclined outwards when we stand 
erect, in order that when we throw our weight upon one 
leg, the neck of the corresponding femur may approach 
the vertical position and so sustain without injury the 
accumulatea pressure of the trunk. 

To this comparison, however, it may be objected that 
the inclination of the spokes in a wheel is counteracted 
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by an equivalent inclination (n a, Fig. 3} of the axle on 

whicli the wheel tarns; so that, when the cart rests oti a 

horizontal plane, the bearing- 

*%■ 3- spoke (or spoke immediatelj 

. ^^ beneath the axle) ia not ia- 

€^ *:5j^ clined, aa Sir Charlea BeU 

Bnpposes, but stands in a ver- 
tical position, as shown id Fig. 4).* But if the fact ' 
were otherwise — if the dishing of the wheel had realhr 
the effect attributed to it by 
Fii,. i. Sir Charles Bell — the cases 

compared would still be dia- 
similar. A straight spoke, 
inclined at an angle to the 
line of pressure, is only ob- 
lique with regard to the ob- 
ject snpported ; and its ob- 
liquity may be removed by a 
chsjige of its relative position 
to that object. But the femur 
ia a column betit upon itself; its obliquity ia not relative, 
but inherent; it cannot, therefore, be dimiaished by any 
change of position, but requires for its removal an aJtcra- 
tion in the form of the bone itself. It is true that, in 
standing on one leg, the neck of the femur heoomes more 
vertical ; but then tte shaft becomes, in exactly equal 
proportion, more oblique ; so that the total obliquity ol 
the column remains the same, and the strain tending to 
break the bone at the anaile suffers no diminution. Heno^ 
both in faet aud in principle. Sir Charles Bell's explana- 
tion appears to be erroneous. 

Several important advantages are attained by the 
double obliquity of the femur, in compensation for the 
loss of strength undeniably incurred hj the angular bend 
in its axis. In the first plaee, the separation ot the 
shafts from each other, resulting from the length and in- 
clination of the neck, gives room between the thigh- 
bones for the large muscvilar masses which he on the 
inner side of ea«h femur. With all the advanti^es of the 
existing obliquity, the interval ia but just large enough 
for the purpose ; and if the thigh-bones were straight, 
the muscles in question conld only find room between 
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them, by a removal of the sockets to a greater distance 
from the median plane, which would invoiYe an enlarge- 
ment of the whole pelvis. 

In the second place, it results from this form of the 
bone, that when its lower extremity advances in the 
vertical plane, its head and neck turn on a horizontal 
axis; — ^in other words, that the angular motion of its 
shaft is converted into a rota/ry movement at the hip- 
joint. The advantages of this conversion are obvious. 
First, it tends to equalize the extent of bearing surface 
in the hip-joint durmg the progress of the thigh from 
extension to flexion, or the reverse ; so that, whetiier the 
body is supported on the femur while standing beneath 
the pelvis, or while flexed to a right, or even to an acute 
angle (as often happens in such actions as climbing a 
steep hill, ascending a flight of abrupt stairs, and the 
like), the head of the bone is never subjected to undue 
pressure. For, the rotation of a hemispherical head with- 
in a socket of the same form (Fig. I) involves no diminu- 
tion in the extent of the contiguous articulating sur- 
faces; but the angular motion of a joint of this kind 
(Fig. 2) throws part of the ball out of the socket, and 
leaves part of the socket without bearing to rest upon ; 
so that the weight, instead of being distributed equally 
over the whole surface of the head, is concentrated upon 
that portion which remains within the cavi^. In the 
case of flexion to a right angle (represented in Fig. 2), the 

Fig. 1. Fig. 2. Fig. 8. Fig. 4. 







effective surfaces of the joint would be reduced to exactly 
one-half their ordinarv extent, and would consequently 
have to sustain double the usual amount of pressure. 
This evil would be entirely obviated if the head were 
placed on a neck projecting at right angles from iJie 
shaft (Fig. 3) ; and it is considerably diminished by the 
existing approximation to that form (F^. 4). 

Again, flexion is greatly increased in extent by this 
conversion of angular into rotary motion ; for the anqtdt^ 
motion of a deep enarthroBia, froLC&i «a \k)i&i(» ^ ^^^sc^ 
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would be aoon stopped by tbe contact of the neck of ona 
bone with the brim of the Bocliet of the other : whereaa, 
rotation meets no such check in the coo formation of the 
joint itself, but way be continued indeflnitelj, nntil op- 
posed by the tension of Lgaments, the encounter of a. 
neighbouriDg| limb, or other adventitiouu obstacle. ThiiB, 
nnder the eristing arrangement, the thigh raay be flesed 
until its anterior surface touches the abdomen, its lower 
extremity describing a curve of at least 145 degrees; 
whereas, if the acetabulum were directed yertically, and 
the head, neck, and shaft of the femur formed one con- 
tinaous line, so that their motions eitended without 
modificatiou to the joint, the range of the thigh in flexion 
would be reduced to 45 or oO degrees,* 

On the whole, then, three principal advantages appear 
to result from the double inclination of the femur, in 
return for the diminution of strength necessarily involved 
in that form ; viz. let, enlargement of the space for the 
BdductormuBcles between the thigh-bones; 2ndly, eqoaii- 
lation of the extent of bearing- surface in the hip-joint 
throughout its passage from extreme flexion to extreme 
estenaion, or the reverse ; 3rdly, increase of the range of 
the thigh in flexion — the most important and frequently 
repeated of all its movements. To these we may add, an 
an incidental advantage resulting from the length and 
obliquity of the neck, the removal of the great trochanter 
to a considerable distance from the centre of motion, and 
the consequent acquisition of force (in the stead of anper- 
flnous velocity) by the muscles attached to that pro- 
cess.'!' Sor, again, can it be doubt«d that the angular 

■ Ths common statrment, that the length and obliqoity of the 
neck give imrrenBed freedom to tho motion of the hip-joTof, is evi- 
dently orroaeotiB. The mavemcnla of tUc ball within the socket 
would lose nothing in eilent, if the neck were ahorteBed by iuit, 
&nd placed in a right line with the shaft. The eiistlng cwafonna- 
tfoa does not incrense the total amonnt of mobility, bat only alttat 
its diatribntion. If the angvlar motion of the shaft is inureaseid in 
extent, itB rotary movement sufTera a precisely equivalent dimian- 
tion. Whatever adduction gains in freedom, obdytjtum of neoeBaitj 
loses; and so on for the rest. (The mieapprehensifn here notioed 
is akin lo the ml^r mechanical entire, that a fly-vheel fooraaMS 
the force of an engme, that a lover muUiplIrt power, ic.) 

t This is aometimea pnt forward sa in itaelf on adoguate re>soii 
tor the donbts obliquity of the femur ; but such an explanation 
ippears to me insufficient ; for it would. I think, have boen a clnmsy 
expedient to wenken llie whole cqIvudu bj &a sjigulor bead, for 
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disposition of the neck tends to increase the longitudinal 
elasticity of the femur, and must therefore contribute to 
disperse concussions transmitted through the bone to the 
pelvis. 

We may now return to the movement of rotation, the 
nature of which has been indirectly explained in the fore- 
going remarks. It is evident that if angular movements 
of the shaft of the femur are performed by rotation of its 
head within the acetabulum, the converse proposition 
must be true, that rotation of the shaft is performed by 
angular movements at the hip-joint. The student must, 
however, bear in mind that the neck being oblique, not 
perpendicular to the axis of the shaft, this reciprocal con- 
version of movements is only partial; the angular and 
rotatory motions of the shaft being each performed by a 
movement of the joint intermediate between the two. 

It would be unnecessary to dwell upon the mechanical 
advantages which the shaft of the femur derives from its 
cylindrical form, its longitudinal curvature, and the 
dense rib, or linea aspera, which runs along its posterior 
surface. The hollow cylinder is known to be the most 
advantageous form for a column, i.e., the mode of dis- 
position in which a given weight of material is capable of 
sustaining the greatest amount of pressure. The effect 
of longitvdindl curvatures in preventing absolute rigidity, 
and distributing the force of concussion, has already 
fallen under our notice; and the linea aspera serves 
evidently as a buttress to that side of the column which, 
on account of its concavity, sustains the chief force of 
longitudinal compression, and is most liable to be crushed 
by the constant weight of the trunk, or by the still 
severer pressure to which the bone is occasionaUy subject 
(as in the action of jumping from a height to the ground, 
canyinff heavy burdens on the back, &c.). 

The lower extremity of the femur enters into the 
structure of the knee-joint, and will be noticed in our 
account of the mechanism of that important articulation. 



the sole purpose of gaining a leverage which would have resulted 
as certainly, and without anv such sacrifice of strength, from a 
slight prolongation of the trochanter major. 
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325. The leg is formed of three bones; two of the 
cylindrical class, called the tibia and fibula^ respectively 
analogous to the nlna and radins of the upper ertremity ; 
the third a small appendage, named the patella or knee^ 

fian, resembling the sescmioid bones on the one hand, and 
he olecranon process of the ulna on the other. 

OP THE TIBIA.. 

326. The tibia occapies the anterior and internal part 
of the leg, extending in a direct line from the thigh to 
the foot. It is the largest bone of the leg, and, indeed, 
excepting only the femnr, of the entire skeleton. It is of 
a prismatic ngnre, considerably expanded above, where 
it enters into the composition of the knee ; more slightly 
enlarged below, where it contributes to form the ankle- 
joint. In the well-formed male it stands vertically, so as 
to be parallel with its fellow of the opposite side ; but in 
the female, in whom the femur descends very obliquely 
inward, the tibia has a compensating inclination' down- 
ward and outward. We shall examine, in the usual order, 
the extremities and shaft of the bone. 

327. Superior extremity. At least twice as large 
as the lower ; of an oblong form, with the long diameter 
transverse ; divided into two lateral eminences, called the 
TUBEROSITIES OP THE TIBIA. These eminences are con- 
tinuous with each other in front, but separated posteriorly 
by a shallow notch, called the p^Utecd notch, which gives 
attachment to a ligament.* In size, the internal tube* 
rosity somewhat exceeds the external ; in form, the two 
eminences closely resemble each other — so that the 
surfaces are susceptible, in a great measure, of a common 
description. Surpaces. Superior, The superior surface 
of each tuberosity presents a smooth oval concavity, 
deepened in the recent subject by a semilunar fibro-caru* 
lage, and articulating with the corresponding condyle of 
the femur. The articular surface of the internal tube- 
rosity is longer, and somewhat more concave than that 
of the externiBl ; which, on the other hand, is the wider 
cavity of the two. Between these surfaces, and some- 
what nearer to the posterior than to the anterior aspect 



■ Posterior cmcud. 
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of the bone, appears the spmous ^ocess of fhe tibiae a 
pyramidal eminence, presentmg at its summit two sharp 
tubercles, and giving attachment before and behind to 
ligaments.* Before and behind this eminence are rough 
surfaces, presenting well-marked ligamentous impres- 
sions.f Lateral, The lateral surface of each tuberosity 
is convex and rough. That of the internal tuberosity 
gives attachment to a ligament.^ Anterior, This aspect 
of the tuberosities presents a continuous surface, of 
triangular form, wide above, narrow below, where it 
terminates at an oblong eminence of considerable size, 
called the tuberde of the tibia. This tubercle is divided 
into two parts ; an inferior, rough, for the attachment of 
a strong ligament ;§ a, superior, smooth, and covered in 
the recent subject by a bursa, over which the lijgament 
glides. Foatenor. The posterior surface of the internal 
tuberosity presents a horizontal groove for the attach- 
ment of a muscle. 1 1 The 'posterior surface of the external 
tuberosity presents a Hat, nearly circular facet, directed 
downward, backward, and outward, for articulation with 
the fibula. Above this facet and nearer the median line 
is a smooth, extremely shallow groove for the transmission 
of a tendon.^ 

328. Inferiob EXTREMITY. This extremity is of a ouadri- 
lateral form, more extensive in the transverse than in 
the antero-posterior diameter, and distinguished by a 
strong process called the maXLeohis intemus, which pro- 
jects downward from its inner side. Surfaces. Anterior, 
A smooth convex surface covered in the recent subject by 
several tendons.** Posterior, Presents a superficial 
groove, directed downward and a little inward, continuous 
with a similar groove on the astragalus, and serving for 
the transmission of a tendon.ff This groove is usually 
very indistinct, and should be carefully distinguished from 



* The two ligaments by which the extremities of the external 
semilunar cartilage are fastened to the bone. 

t The anterior surface gives attachment to the anterior crucial 
ligament, and the anterior ligament, of the internal semilunar car- 
tilage; the posterior surface gives attachment to the posterior 
ligunent of the internal semilunar cartilage, and a few fibres of the 
posterior crucial ligament. 

I Internal lateral ligament of the knee-joint. 
§ Ligamentum patella). || Semimembranosus. 

i Popliteus. ** Extensors of the toes, 

tt Flexor longiis pollioifl. 
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would be soon stopped by the contact of tbe neck of one 
bone with, the brim of tne socket of the other : whereas, 
rotation meets no snch check in the conformation of the 
joint itself, bnt may be continued indefinitely, until op- 
posed by the tension of ligaments, the encounter of a 
neighboaring limb, or other adventitious obstacle. Thus, 
under the existing arrangement, the thigh may be flexed 
until its anterior surface touches the abdomen, its lower 
extremity describing a curve of at least 145 degrees; 
whereas, if the acetabulum were directed vertically, and 
the head, neck, and shaft of the femur formed one con- 
tinuous line, so that their motions extended without 
modification to the joint, the range of the thigh in flexion 
would be reduced to 46 or 50 degrees * 

On the whole, then, three principal advantages appear 
to result from the double inclination of the femur, in 
return for the diminution of strength necessarily involved 
in that form : viz. 1st, enlargement of the space for the 
adductor muscles between the thigh-bones ; 2ndly, equali- 
zation of the extent of bearing-surface in the hip-joint 
throughout its passage from extreme flexion to extreme 
extension, or the reverse ; 3rdly, increase of the range of 
the thigh in flexion — the most important and frequently 
repeated of all its movements. To these we may add, as 
an incidental advantage resulting from the length and 
obliquity of the neck, ttie removal of the great trochanter 
to a considerable distance from the centre of motion, and 
the consequent acquisition of force (in the stead of super- 
fluous velocity) by the muscles attached to that pro- 
cess.f Nor, again, can it be doubted that the angular 



* The common statement, that the length and obliquity of the 
neck give increased freedom to the motion of the hip-joint, is evi- 
dently erroneous. The movements of the ball within the socket 
would lose nothing in extent, if the neck were shortened by half, 
and placed in a right line with the shaft. The existing confonna- 
tion does not increase the total amount of mobility, but only alters 
its distribution. If the angular motion of the shaft is increased in 
extent, its rotary movement suffers a precisely equivalent diminu- 
tion. Whatever adduction gains in freedom, abduction of necessity 
loses ; and so on for the rest (The misapprehension here noticed 
is akin to the vulgar mechanical errors, that a fly-wheel increases 
the force of an engine, that a lever multiplies power, &c.) 

t This is sometimes put forward as in itself an adequate reason 
for the double obliquity of the femur; but such an explanation 
Appears to me insufficient ; for it would, I think, have been a clumsy 
'expedient to weaken the whole column by an angular bend, for 
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disposition of tlie neck tends to increase the longitudinal 
elasticity of the femnr, and mnst therefore contribute to 
disperse concussions transmitted through the bone to the 
pelvis. 

We may now return to the movement of rotation, the 
nature of which has been indirectly explained in the fore- 
going remarks. It is evident that if angular movements 
of the shaft of the femur are performed by rotation of its 
head within the acetabulum, the converse proposition 
must be true, that rotation of the shaft is performed by 
angular movements at the hip- joint. The student must, 
however, bear in mind that the neck being oblique, not 
perpendicular to the axis of the shaft, this reciprocal con- 
version of movements is only partial; the angular and 
rotatory motions of the shaft being each performed by a 
movement of the joint intermediate between the two. 

It would be unnecessary to dwell upon the mechanical 
advantages which the shaft of the femur derives from its 
cylindrical form, its longitudinal curvature, and the 
dense rib, or linea aspera, which runs along its posterior 
surface. The hollow cylinder is known to be the most 
advantageous form for a column, i.e., the mode of dis- 
position in which a given weight of material is capable of 
sustaining the greatest amount of pressure. The effect 
of longitudinal curvatures in preventing absolute rigidity, 
and distributing the force of concussion, has already 
fallen under our notice; and the linea a^spera serves 
evidently as a buttress to that side of the column which, 
on account of its concavity, sustains the chief force of 
longitudinal compression, and is most liable to be crushed 
by the constant weight of the trunk, or by the still 
severer pressure to which the bone is occasionaH/y subject 
(as in tne action of jumping from a height to the ground, 
carrying heavy burdens on the back, &c.). 

The lower extremity of the femur enters into the 
structure of the knee-joint, and will be noticed in our 
account of the mechanism of that important articulation. 



tbe sole purpose of gaining a leverage which would have resulted 
as certainly, and without any such sacrifice of strength, from a 
slight prolongation of the trochanter major. 
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would be soon stopped by the contact of the 
bone with the brim of the socket of the other : whereas, 
rotation meets no such check in the conformation of the 
joint itself, but may be continued indefinitely, until op- 
posed by the tension of ligaments, the encounter of a 
neighbouring limb, or other adventitious obstacle. Thns, 
under the existing arrangement, the thigh may be flexed 
nntil its anterior surface touches the abdomen, its lower 
extremity describing h. curve of at least 145 degreea; 
whereas, it the acetabulum were directed vertically, and 
the head, neolc, and shaft of the femur formed one oon- 
tiunous line, so that their motions extended without 
modification to the joint, the range of the thigh in fiexion 
would be reduced to 40 or 50 degrees.* 

On the whole, then, three principal advantages appear 
to result from the double inclination of the femur, in 
return for the diminution of strength necessarily involved 
in that form : viz. Ist, enlargement of the space for the 
adductor muscles between the thigh-bones; 2 ndly, equali- 
zation of the extent of bearing-surtaoe in the nip-joint 
throughout its passage from extreme flexion to extreme 
extenfiion, or the reverse ; 3rdly, increase of the range of 
the thigh in flexion — the most important and frequently 
repeated of all its movements. To these we may add, aa 
an incidental advantiige resulting from the length and 
obliquity of the neck, the removal of the great trochanter 
to a considerable distance from the centre of motion, and 
the consequent acquisition of force (in the stead of super- 
fluous velocity) by the muscles attached to that pro- 
cess.t Ifor, again, can it be doubted that the ajigdlar 

• The common statemeut, that the length and obliquity of the 
nock give increaaed freediim lo thn motion of the hip-joint, is evi- 
dently erron^^ona. The movementa of the b&ll within the aocket 
would loss nothing in extent, if the neck weni Bhorlened by ball, 
>nd placed ia a right tine with the shaft. The txiatlng Ronfomu- 
tion doea not increnae Che total amonuC of mobility, hat only alten 
Ita distribution. If the QMjmiar motion of the abaft is inorMsed in 
exteQt, its rotary movement sutteis H prBCisely cqaivalent diminn- 
tion. Whatever adduction goiue m freedom, ahdiKtion of nenessity 

the force of an eDglne, that a lever muEcipHei power, Ac.) 

t This is BOmeiimeB put forward as En itself an adequate reason 
for the double obliquity of the femur i but snoh an eiplanation 
tppp.arBto me insnfilcifiut; for it would, 1 think, bsve bnen adumsy 
expedient to weaken the whole column by an angular bend, for 
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disposition of the neck tends to increase the longitudinal 
elasticity of the femnr, and mnst therefore contribute to 
disperse concussions transmitted through the bone to the 
pelvis. 

We may now return to the movement of rotation, the 
nature of which has been indirectly explained in the fore- 
going remarks. It is evident that if angular movements 
of the shaft of the femur are performed by rotation of its 
head within the acetabulum, the converse proposition 
must be true, that rotation of the shaft is performed by 
an-guJar movements at the hip-joint. The student must, 
however, bear in mind that the neck being oblique, not 
perpendicular to the axis of the shaft, this reciprocal con- 
version of movements is only partial; the angular and 
rotatory motions of the shaft being each performed by a 
movement of the joint intermediate between the two. 

It would be unnecessary to dwell upon the mechanical 
advantages which the shaft of the femur derives from its 
cylindrical form, its longitudinal curvature, and the 
dense rib, or linea aspera, which runs along its posterior 
surface. The hollow cylvnder is known to be the most 
advantageous form for a column, i.e., the mode of dis- 
position in which a given weight of material is capable of 
sustaining the greatest amount of pressure. The effect 
of longitudinal curvatures in preventing absolute rigidity, 
and distributing the force of concussion, has already 
fallen under our notice; and the Ivnea aspera serves 
evidently as a buttress to that side of the column which, 
on account of its concavity, sustains the chief force of 
longitudinal compression, and is most liable to be crushed 
by the constant weight of the trunk, or by the still 
severer pressure to which the bone is occasionaH/y subject 
(as in tne action of jumping from a height to the ground, 
cairying heavy burdens on the back, &c.). 

The lower extremity of the femur enters into the 
structure of the knee-joint, and will be noticed in our 
account of the mechanism of that important articulation. 



ttie Bole purpose of gaining a leverage which would have resulted 
as certainly, and without any such sacrifice of strength, from a 
Blight prolongation of the trochanter major. 




325. The leg ia formed of three honea ; two of the 
cylindrical clasB, called the Ubifi a-oi fibula, respectively 
BnalogouB to the nlna andradiue of the upper extreiaitj; 
the third a small appendage, named the patella or hties- 

fan, resembling the sesamoid bones en the one hand, &nd 
he oletfranon process of the nlna on the other. 



326. The tibia occnpies the anterior and internal part 
of the leg, eitendiag ia a. direct line from the thigli to 
the foot. It is the largest bone of the leg, and, indeed, 
excepting only the femnr, of the entire akeleton. It ia of 
a prismatic figure, coasidt:rablj expanded above, where 
it enters into the composition of the knee ; more slightly 
enlarged below, where it contributes to form the anlcle- 
ioint. In the welt-formed male it etande vertically, so as 
to be parallel with its follow of the opposite side ; bat in 
the female, in whom the femnr descends very obliqnelj 
inward, the tibia has a compensating inclination dovn- 
ward and outward. We shall eKamiue, in the usual order, 
the extremitieg and shaft of the hone. 

327. SopBftiOB, ESTiLEMiTr. At least twice as large 
aa the lower; of an oblong form, with the long diameter 
transverse ; divided into two lateral eminences, called the 

tinuous with each otlier in front, but separated posteriori; 
by a shallow notch, called the popliteal notch, which giyea 
attachment to a ligament.* In size, the internal tube- 
rosity somewhat exceeds the external ; in form, the two 
eminences closely resemble each other — so that the 
surfaces are susceptible, in a great measure, of a common 
description. Sorficks. Superior. The superior surface 
of each tuberosity present^ a smooth oval concaTity, 
deepened in the recent subject by a semilunar fibro -carti- 
lage, and articulating with, the corresponding condyle of 
the femnr. The articnlar surface of the internal tnba- 
rosity is longer, and somewhat more concave than that 
of the externa! ; which, on the other hand, is the wider 
cavity of the two. Between these surfaces, and some- 
what nearer to the posterior than to the anterior aspect 

■ Posterior ctaoiaL 



TIBU. 271 

of the bone, appears the s^mous process of the tibia, a 
pyramidal eminence, presenting at its summit two sharp 
tubercles, and giving attachment before and behind to 
ligaments.* Before and behind this eminence are rough 
surfaces, presenting well-marked ligamentous impres- 
sions.f Lateral. The lateral surface of each tuberosity 
is convex and rough. That of the internal tuberosity 
gives attachment to a ligament4 Anterior. This aspect 
of the tuberosities presents a continuous surface, of 
triangular form, wide above, narrow below, where it 
terminates at an oblong eminence of considerable size, 
called the tubercle of the tibia. This tubercle is divided 
into two parts ; an inferior, rough, for the attachmelit of 
a strong ligament ;§ & superior, smooth, and covered in 
the recent subject by a bursa, over which the ligament 
glides. Posterior. The posterior surface of the internal 
tuberosity presents a horizontal groove for the attach- 
ment of a muscle. 1 1 The posterior surface of the external 
tuberosity presents a ilat, nearly circular facet, directed 
downward, Dackward, and outward, for articulation with 
the iibula. Above this facet and nearer the median line 
is a smooth, extremely shallow groove for the transmission 
of a tendon.^ 

328. Inferior EXTBEMiTY. This extremity is of a quadri- 
lateral form, more extensive in the transverse than in 
the antero-posterior diameter, and distinguished by a 
strong process called the malleolus vatemus, which pro- 
jects downward from its inner side. Surfaces. Ant&rior. 
A smooth convex surface covered in the recent subject by 
several tendons.** Posterior. Presents a superficial 
groove, directed downward and a little inward, continuous 
with a similar groove on the astragalus, and serving for 
the transmission of a tendon.ff This groove is usually 
very indistinct, and should be carefully distinguished from 



* The two ligaments by which the extremities of the external 
semilunar cartilage are fastened to the bone. 

t The anterior surface gives- attachment to the anterior crucial 
ligament, and the anterior ligament, of the internal semilunar car- 
tilage; the posterior surface gives attachment to the posterior 
ligament of the internal semilunar cartilage, and a few fibres of the 
posterior crucial ligament. 

I Internal lateral ligament of the knee-joint. 
§ Ligamentum patells. || Semimembranosus, 

i Fopliteus. ** Extensors of the toes. 

tt Flexor longus ]^dl\k&m. 
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a nrach deeper eroove which runs by ita side, and in v 
nearly parallel direction, on the had. of the maJleoIiiB 
intemus. E3;iemal. Presenta a triangular rongh ex- 
cavation, corresponding to a similar convexity on the 
fibula, to which it is attached by an iuteroBseoua ligament. 
It ia bounded by two ridges, the anterior more prominent 
than the posterior, both rouRh for the attachment of 
hgaroenta.* (Craveilhier describes this excavation as 
presenting at its lower part a narrow smooth surface for 
articalation with a similar facet on the fibula. This I 
have never seen. In aU the specimens 1 have examined, 
the excavation everywhere attaches the iuteroBseous liga- 
ment i the lower border of which consequentlv appears in 
the anVle'joint, level with the tibial articular surface.] 
Internal. This surface extends downward upon the 
MALLEOLDS INTEBNTJS, a stroug procfiBS of pyramidal form, 
flattened from within outward, convex aud subcutaneooB 
on its inner side, smooth and cartilaginons etctorni^l/i/, 
where it is continuous with the terminal articular surface 
of the bone. The anterior border of this process and its 
truncated extremity or swwimit pMHent marks of liga- 
meutons insertton-t Ila posterior border is traverseoDJ 
a deep groove, sometimes donble, which runs obliquely 
downward, inward and forward, for the transmission of 
two tendons.J Inferior. This surface, by which the tibia 
articulates with the astragalus, is of a qnadrilateral fomi, 
wide estemally, where it meets at a right angle the 
narrow articular margin of the depression which receiTes 
the fibnia ; somewhat narrower internally, where it ia con- 
tinuous with the smooth outer suiface of the malleoloB 
intemus. It is uniformly concave in the antero -posterior 
direction, but ia rendered alternately convex and concave 
in the opposite sense by the presence of a median elevation 
running from before backward, and separating two lateral 

339. Body or Shaft. Presents the form of a tri- 
angular prism, curved twice upon itself, so that its inner 
aspect is convex from above downward at the upper part. 



Anterior aud poaterior liganieiita of the inferior tibio-fibnlar 
For Ihu inlaranl iDtenU liguoont of tba uikle-jain^ or tibio- 
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concave in the same sense below. It is also twisted on 
its axis in snch a manner that its posterior surface, which 
looks directly backward above, looks backward and out- 
ward below. Its most slender part is not in the middle 
of its len^h, but at the junction of its upjjer three- 
fourths with its lower f ourtn,* and from this point to each 
extremity it increases gradually in thickness. It presents 
three surfacesy separated by three borders. 

330. Borders. Anterior, This is the most elevated 
border of the three, and for that reason is called the crest 
of the tibia. It commences above at the tuberosity of the 
tibia, and terminates below at the anterior border of the 
malleolus intemus. It pursues a sinuous course, turning 
a little outward at its upper extremity, and taking a con- 
siderable bend inward below. It is very sharp and 
prominent at its upper and middle part, rounded and 
indistinct in the lower third of its length. In the living 
subject it lies immediately beneath the skin, and is 
popularly termed the shin. It gives attachment to an 
aponeurosis.f Internal. This border is the least dis' 
tmctly prominent of the three. It runs from the posterior 
part of the internal tuberosity to the posterior border of the 
malleolus intemus. It is somewhat indistinct above and 
below, but the intervening portion is sufficiently well 
marked. It gives attachment to some fibres of three mus- 
cles. J External, Commences above at the external tube- 
rosity just in front of the articular facet for the head of the 
fibula, and bifurcates below to form the anterior and poste- 
rior margins of the triangular depression which receives the 
lower extremity of the fibula. It is sharp, especially in its 
middle portions, and gives attachment to an aponeurosis.^ 
331. Surfaces. Posterior, This surface is divided 
into two parts by a ridge, called the oblique line of the 
tibia, whicn runs from the articular facet for the head of 
the fibula downward and inward to the internal border, 
which it joins at an acute angle just where the upper 
joins the middle third of the shaft. The oblique line is 
rough for the attachment of a fascia, || and part of a 
mnsdc^f The surface above it is of a triangcdar form. 



* Hence the frequency of fracture at this point, 
t The aponeurosis of the leg. 
X Popliteus, soleus, and flexor longus digitorum pedis. 
i InteroBseous membrane. H FopliteaL 

Y IimAr head ol «o\d>3A. 

T 
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wide at ita tipper part, terrainating in am acnte u^B 
below, and loofcmg directly backward. It is concave from 
above downward, oonvei tranaverBely, and rough for Qit 
insertion of a muscle.* The portion of snrface which lies 
below the obliqne line (comprising abont two-thirda of tb« 
whole) is flat and smooth, narrower i.bove, where it ia 
directed backward, than below, where it looks mane- 
what ontward as well as backward, in consequence of titt 
twist ol the bone. This snrface is covered by two muBoles,t 
to which its upper two-thirds give origin; and it present! 
at its BTjperior part, immediately beneath the oblique Gne, 
the medullary foramen of the tibia,J; entering the bone 
obliquely downward. Internal. A smooth aurface, wider 
above than below. Its upper part looks inward and Bxc- 
ward, andia covered by an aponeurotic expansion ;§ ita 
lower part looks directly inward, and lies immedmtely 
beneatn the skin. External. The two upper thirds of 
this surface are directed inward, and hollowed b; ft 
shallow vertical grooTC for the attachment of a mnscle.|| 
The lower third winds around the bone, looking at fimt 
forward and inward, afterward almost directly forward. 
It is smooth, convei, and covered by several tendons.^ 

3^2, SiRUCTUaB. Agrees in every respect with that of 
the long bones in general, which has already been fully 
described. Develophe:)!. By three points, one for the 
shaft and one for each termmal epipnysis. The oasific 
centre of the body appears from the twenty-fifth to the 
fortieth day of fcetal hfe; that of the superior epiphyiiB 
within the first, that of the inferior epiphysis within the 
second, year after birth. The snperior epiphysis ia a tluB 
terminal layer, prolonged downward in front, so aa to 
include the tubercle of the tibia. The inferior epiphjaia 

* Poplileus. 
t Tibialis poBtlcus, «nii flexor commnnis digitonmi, which ariw 
side bv side, tbe former vxtaruiLl to tlia lBtt«r. 

t TljiH liole is mmftrkably larga, and, in WBll-mBrkeid specimBiK, 

Coerted liy a groove. It is tlirongb tbia foramen that Croveilhil* 
traced a iit'rve. uoompanying tbe medulliu7 artery into tbs 
substaii™ of tbe bone. 

D^rirod frota tbe conjoined leadoas of tbe gnuilis, BartoiJQS 

flhrea of Ibe 

pollicia, 83- 

trrtiUH, Tlii^Be trndoM 
itdiut tiom. within outu^td. 
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in like manner includes the malleolns intemus. In one 
instance, however, a separate ossific point has been 
observed by B^clard in the malleolus internus ; and Cru- 
veilhier states that the tubercle also is sometimes de- 
veloped from a centre of its own. The ossific union of 
these pieces coincides with the period of perfect develop- 
ment, which varies from eighteen to twenty-five years in 
different individuals. The law of inverted order already 
stated is plainly exemplified here ; for the inferior epi- 
physis, which is the latest to ossify, is the first to unite 
with the shaft. Articulations. With the femur and 
head of the fibula above ; with the astragalus and inferior 
extremity of the fibula below. 

OF THE FIBULA. 

333. The fibula is the slenderest, in proportion to its 
length, of all the cylindrical bones. It is placed on the 
outer side of the leg, nearly parallel to the tibia, but 
inclining a little forward as it descends, so that its lower 
extremity is on a plane somewhat anterior to that of the 
upper. It is of an irregularly prismatic form in the upper 
three-fifths of its length, but nattened from side to side in 
the lower two-fifths. It is curved longitudinally so as to 
present a convexity towards the tibia, a concavity in the 
opposite direction. It has the appearance of being 
twisted on its axis, the surface which is external above 
winding round so as to become posterior below. In this 
and other instances of torsion, however, the student is 
not to imagine that the bone is really twisted, or that 
the fibres of its shaft take a spiral direction ; the appear- 
ance is entirely superficial, and always depends on the 
passage of tendons or nerves in a winding course along 
the bone. I make this remark because Cruveilhier speaks 
of the '* law of torsion of bones ;" an expression calculated 
to suggest the notion that their twisted appearance is 
somethmg more than a mere modelling of external sur- 
face, and that a torsion or spiral arrangement of the 
fibres does actually exist. We shall consider, as usual, 
first the extremities, and afterwards the shaft, of the bone. 
334. Upper Extremity or Head. An epiphysis of 
irregularly rounded form, presenting a terminal articula/r 
surface, a blunt eminence called the styloid process of the 
fibula, and an uneven ci/rcumference. The terminal fit*r- 
/ace is a flat facet, directea upward, for?rard<, iwa.^ \:^'- 
ward, to articulate with the coxxe^'^'ni^^a^^ Wii^ ^sa. *^fe 



external toberoaitj of the tlbia^ Tbe ehjloid proeett pm* 
jeots upward from the poaterior part of the head, and bj 
its Toonded Hammit gives attachment to a ligament.* 
The cvrcumferencB gives attachment on all sides to 
muBoleB and ligameuts-t 

335. IiOWBa Extremity, or Mallbolits ExTEHjniB. 
This epiphysis is larger and descends lower than the 
maUeoluB intemuH of the tibia, to which it corresponds. 
It has the form of a triangular pyramid, aomewhat fat- 
tened from side to side, joined hj its h&ae to the shaft, 
and presenting for examination three sv/r/aces, three bor- 
dere, and a rounded extrnnity or «Hm/mt(. It« outer Kur- 
faae is convex, suheutaneous, and continaons with, a 
triangular surface, also subcutaneous, on the outer aspect 
of the shaft. Its inner surface is divided into, lat, an 
artiailar porlian of triangular form, wider above tian 
below, slightly convex, and corresponding to an articnlu 
surface on the outer side of the astragalus ; 2iidl7, s 
small non-ariitralar portion, situated henind and bslow 
the former, and presenting a rough depression for ths 
attachment of a ligament,! The pnnterior surface of 
the malleolns ertemns is narrower than the other tw(fc 
and channelled by a shallow groove, which runs obliqnelr 
downward and outward, and transmits twotendons.g OE 
the three borders of this epiphysis, the anterior is thiot 
uneven, and marked at its lower part with the inipreBaion 
of aligament;{J the eefemol is an elevated ridge, forming 
the onter boundary ot the groove on the posterior surface ; 
the posterior is ronnded and smooth ; all three converge 
towurds the twnmit of the process, which is a conical 
eminence, prolonged obliquely downward and outward, 
and fTirnisning attachment to a ligament.^ 
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336. Shaft. We have given, in our preliminary notice 
of the fibula, a general sketch of its body or shaft, 
describing its torsion, its longitudinal curvature, and its 
inclined position, and adding, with respect to its form, 
that it is prismatic above, transversely flattened towards 
the lower extremity. We may here, therefore, proceed 
at once to the minute examination of its Imes and sv/T' 
feices. 

337. Lines. Anterior, Commences above at the front 
of the head, runs vertically downward to the middle of 
the bone, tiien curves a little outward, and bifurcates, 
sending one branch to the anterior, and one to the ex- 
ternal border of the malleolus ext^rnus. These branches 
form the lateral boundaries of a triangular subcutaneous 
space, continuous below with the subcutaneous surface of 
the malleolus extemus. (Sometimes the posterior branch 
of this bifurcation is taken alone, as the continuation of 
the anterior line, which is then said to wind backward 
and terminate at the external border of the malleolus ex- 
ternus, while the triangular subcutaneous interval is 
described as part of the anterior surface.) Interosseous, 
The interosseous line, though not remarkable for its 
prominence, is a boundary of ^eat importance in a 
myological point of view, because it gives attachment to 
the interosseous membrane that stretches between the 
tibia and fibula, and separates the extensor muscles, 
which lie in front, from the flexor muscles, which are 
attached behind. This line runs close on the inner side 
of the anterior line, nearly parallel to it in the upper two- 
thirds of its length, where the interval between the two 
is seldom more tnan an eighth of an inch wide, diverging 
from it a little in the lower third of its course, so that 
the intervening space increases in width to about a quar- 
ter of an inch. Tne upper termination of the interosseous 
line varies in different sabjects ; sometimes it reaches the 
head of the bone at a point just internal to the origin of 
the anterior line ; sometimes it becomes indistinct and 
ceases about an inch below the head. Inferiorly it ter- 
minates at the apex of a rough, convex, triangular space, 
situated on the inner aspect of the bone, just above the 
articular surface of the malleolus extemus. Posterior, 
This line commences above at the base of the styloid 
process, and terminates below at the posterior border of 
the malleolus extemus. Between this line and the in.ti^T- 
osseous line, on the internal as]^^ oi \)Sev% Vys^s^^Kh^sst^^^ 
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a, very prominent ridge, ealled the oblique l 
fibula, which commences above at the inner aide of the 
head, deecenda, at first vertically, then obliquely forward, 
and terminates below by falling on the interosHeoiis line 
at the junction of the npper three-fifths with the lonrei 
two-flftha of the shaft. (In many apecimene, however, 
the obliqne line cannot be traced forward ao far as the 
interossoons line, but ceases, rather abruptly, at the dis- 
tance of about a quarter of an inch from it.) This ridge, 
which derives ita name from its obliqne direction, belongs 
to the internal surface of the bone, the npper part of 
which it divides into an anterior and a posterior portioiL 
Strictly speaking, therefore, its description should be re- 
served till that surface comes under examination ; but we 
have noticed it here leat the student ahonld mistake it 
for either of the lines between which it lies. All these 
ridges of the fibnla give attachment to procesaes of fibrong 
membrane, separating the mnacles that arise from the in- 
tervening surfaces.* 

338, SoaPiCEs. Anterior. The narrow intervaJ lying 
between the anterior and interosaeona lines is all that 
can with propriety be called the anterior surface of the 
fibnla, because it is all that lies in front of the inter- 
osseons membrane, and gives origin to the extensor 
mnsclea of the toes. Ita upper two-thirds are flat; its 
lower third is wider than the portion above, and grooved 
in the longttndinal sense. In its whole length it gives 
attachment to musclea.f The triangnlar aubcutaneoos 

Ssace, that aurmoants the malleolus eitemua, laay be 
eacribed aa part of this surface (337), which must then 
be said to wind round the bone at its inferior ertremity, 
so as, from looking foruiard above, to acquire a direction 



separatiug the peroueus Iodrub sad brevia from tbe CKtenaor disi- 
torum anomuiiia sad its contiauatioa th« percmeua tertjnsfuia 
tntentseuui line, to tba InteroeseBUB niBinbra.ne ; the poVertor Una, 
to an intermuBcnlar Beptmn separating tlie peronoi from tbe Bolena 
&nd dexor polljcis loDgns; tbe oblique Lioe, to an intonnuacui^ 
septum rwparatiug tha tibitlis poeticua from tbe daior pollioiB 

t The eileoBOr digilomm commimia, nod tba peroneuB terttiu, 
fonn B C0DtiDUUU9 muscle, which ariaea from the autoriur tmrtaoo ia 
its whole length, occupying the narrow upper two-lbirda exda- 
aivcly, and the outer ballot the lowur third, or wider portion of the 
BuHace. The iuuer half uf the luwcr third given origin to tbe 
extunaoT pniprius polUcis. 
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outwa/rd below. Tlxtemal. This surface is directed ont- 
ward in its upper two-tliirds, where it is uneven and 
prooved longitudinally ; but looks backward below, where 
it presents a smooth surface continuous with the posterior 
surface of the malleolus extemus. It is covered below 
by the tendons of two muscles,* to which its upper half 
gives origin. Internal, This surface extends from the 
interosseous line in front, round to the posterior line be- 
hind. Its lower third is smooth and plane. Its two 
upper thirds are divided into an anterior and 'posterior 
portion by the oblique ridge already described. The an' 
terior portion of the inner aspect (bounded behind by the 
obhque ridge, in front by the interosseous line) looks in- 
ward and forward, and is grooved longitudinally for the 
attachment of a muscle.f The posterior portion of the 
inner aspect (bounded in front by the oblique ridge, and 
behind hj the posterior line) merges below into the smooth 
lower third of this aspect, forming with it one continuous 
surface, which looks mward and backward above, directly 
inward below. It presents at its upper part some rugosi- 
ties for the attachment of part of a muscle,;j; and at its 
lower extremity the rough triangular space already 
noticed in the description of the interosseous line. (337) 
This space is convex, and corresponds to a rough depres- 
sion on the- tibia, to which it is bound in the recent sub- 
ject by strong ligamentous fibres.§ The portion of surface, 
which intervenes between the rugosities above and this 
triangular rough space below, is smooth, and gives origin 
in its whole length to a muscle. || The medullary fora- 
men sometimes appears on the middle of this surface, 
sometimes on the oblique line, entering the bone obliquely 
downward. 

339. It is necessary to inform the student, that this 
account of the shaft of the fibula differs essentially from 
the description given by previous anatomists. I have 
described the interosseous ridge as one of the three prin- 
cipal lines of the fibula, considering the surfaces between 
which it runs as separate aspects of the bone. Cruveilhier, 
Cloquet, and other authorities, break the interosseous 
line inte two parts — a lower, which they take together 



• Peroneus longus and brevis. 
f Tibialis posticus. X Outer head of soleus. 

f Interosseous ligament of the inferior tibio-fibular articulation. 

II Flexor longus polUcis. 
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with the obliqae line to fonn the internal border of th« 
bone, and an upper, to which the name of interoBeeoni 
line is escluBivelj applied. The Burfaces lying on either 
aide of this line they describe tc^ether as the interiuA 
surface. Thia ia in, my opinion an arbitrary and nnphy- 
siological method, calcnliited to convey an orroneons 
notion of the muscular relations of the bona ; for Urn 
surfaces separated by the interoaaeoua line, and by those 
writers included under a common name, lie, in the recent 
subject, on opposite aides of the interosaeona membrftne — 
occupy different regiona of the limb — and attach anti^o- 
nist sets of muscles ; that which ia in front of the mem- 
brane givina origin only to extensors, that which is behind 
it BKclnaively to flexors* By the method which I have 
proposed, this anomalous combination of surfaces ia 
avoided, and the interosseous ridge, assuming its proper 
importance as a, regional boundary, is recognised ae a 
continuouB Hue, and described in its whole len^h under 
a single name. If it should bo objected that the surfecea 
separated by the oblique line, and described by me as 
snMivisions of the internal aspect, difier in direction hx 
more than the surfaces included by other writers under 
a common name, the reply is obvious. The surfaces 
which I combine both lie behind the interosseous mem- 
brane, both belong to the posterior region of the leg, and 
both attach muscles of the fleior set. They arc analogous 
in all essential points, and their difference in direction 
is merely an incidental circumstance oecanioned by tlio 
prominence of the obhque ridge, the obvious design of 
which is to increase the extent of surface for mnactilftr 
attachment (as may be inferred from the fact, that the 
obhque ridge entends only over so much of the internal 
aapeot as gives attachment to two muscles — disappearing 
below where only one muscle tabes rise). 

340. STKUCTuan. The medullary canal of the fibula is 

* Bour^ery has been so far misled b; thin entir, tbAt be says 

"Chacun dee trois aDglea (rfu peront) doune atlaehe par son som- 
mi't HUx apon^vroBee do adpaiulion qui limilont lea troia gruDfHs 
muecuUiroa de la jmnbe." — Analomie de CHomme. torn. L p. IVt 

tomsl bordiir of tho fibula, would imply that the tibialis poatica* 
balouged to the tjixaa ffctmy of muscles as the axleasor propiiu 
pollicis, eilfinaor oammumB digitanuB, and peroueua terliua, — • 
comblnatioD oltiigelhLT prepoBlomus, and certainly never intended 
by the pliiioaophical an&tcmiit here cited. 
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veiT narrow and irregnlar, and extends only throngli the 
middle third of the shaft. The areolar tissue of the ex- 
tremities, and especially of the malleolus externns, is un- 
usually strong, its fibres being very thick, and the cellular 
intervals small in proportion. This compactness of struc- 
ture, which is observed also in the malleolus of the tibia, 
may account for the infrequency of fracture of the ankles, 
notwithstanding their prominence, and consequent expo- 
sure to concussion. Development. By three points ; one for 
the body ; one for the lower, and one for the upper extremity. 
The first appears in the seventh week of foetal life ; the 
second about two years, and the third five years, after birth. 
The ossific union of these pieces is complete at a period 
varying from twenty-one to twenty-five years after birth. 
Articulations. With the tibia above; with the tibia and 
astragalus below. 

OF THE PATELLA. 

341. The patella is a small flat bone, of triangular form 
with rounded angles, thicker above than below, and situ- 
ated vertically, base upward, in front of the knee-joint. 
It presents for exammation two surfaces^ two lateral 
hordersy a base, and an apex. 

342. Surfaces. Anterior, Convex, and marked with 
longitudinal striaB, between which appear many small 
ellipsoid foramina for nutrient vessels. This surface is 
covered in the recent subject with tendinous fibres,* which 
adhere closely to it, and occasion its striated appearance. 
In the recent subject it may be felt beneath the skin, from 
which it is only separated by the superficial fascia, and by 
a large synovial bursa. Poat&rior, This aspect presents 
a smooth surface, of oval form, with the long diameter 
transverse, covered in the recent subject with cartilage, 
for articulation with the trochlea of the femur, to the 
undulations of which it exactly corresponds. It presents 
two lateral concavities separated by a vertical rounded 
ridge. The elevation fits the trochlear groove of the femur 
and the lateral concavities correspond to the two condyles. 
As the external condyle is larger and more prominent 
than its fellow, so is the external depression of the patella 
more extensive and deeper than the internal. Below this 
surface there is a narrow, convex, non-articular space, 
perforated by several nutrient foramina, and directed 

* Of the qoadriceps extAUVSi. 
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obliqnelj downward and bacliward towards the liead of 
the tibi^ from which it is separated in the receat sub- 
ject by Ewlipose tissue. The lower part of thia aurfkoe 
assista in giving attachment to a, ligament.* 

843. Lateral borders. Thia curved borders, eacli 
giving attachment to a ligament and part of a tendon.f 

344. B*HE. Thiclc, and cut obliquely at the expense of 
the anterior aspect, bo ns to present a rough broad margin, 
directed upward and forward, for the attachment of a 
strong tendon-I 

345. Apes. Thin, and directed downwardfortheattaci- 
ment of a, strong liganient.6 

346. Stkucture. Of light caneeUous tissue, covered 
by a thin compact layer, which presents in front a remark- 
able striated or fibrous appearance, as we have already had 
occasion to observe. Developkent. The ossification o£ 
the patella oommenceB in the end of the first, or beginning 
of the second year after birth; bnt is not complete till the 
age of twelve. It proceeds, with rare exceptions (of which 
Bndolph has recorded an example), from a single central 
point. Articulation. With the femur only. 



Under this head we have to consider the osseoua etmc- 
ture of the knee, and of the two tibio-fibulararticalationB. 
Our remarks on the ankle-joint will follow the descrip- 
tion of the foot. 

347. The knee-joint, which is the largest joint in the 
body, is formed by the articulation of the femur with the 
tibia below, and with its appendage, the patella, in front. 
It belongs to the class of gmglymoid, or hinge-jointa ; its 
motions being confined to flexion and extension in a single 
plane, with tie addition of a very limited rotatory move- 
ment when the leg is bent so &s to relax the ligaments. 



* LignmeDtum patells, 

t The fri/fmaf lateral border piVea Rttachni 

lateral ligamEDt of the pntcUiL, luid to that portion of the comnuto 

extmtal lateral bordiT gives attachment to the corresponding iigi- 
ment and tHUdon of the outer side. (The lateml ligainenta of th« 

£ie\]iL have been overlooked t<y many nuatomists. They axe well 
loribed by BoutKery. Aaatamit dc Pffomme, tbnu.i. p. Ii8.) 

I Of the quadriceps extcnBor. 
i Lic^mentnm patelln, or iafra-patFUar portiora of the txtaaor 
IS it might witli more propriety be called. 
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The ginglymoid motions have a range of abont 140*^, eaj- 
tension being arrested when the bones are in a right line 
with each other; flexion, when they form an angle of 
abont 40°. Neither these, however, nor the rotatory 
movements of the knee, are checked by the encounter of 
the bones. Their limitation depends on the oblong form 
of the condyles, the curvature of the articular surfaces, 
and the disposition of the ligaments which bind them to 
the tibia. The subjoined diagram represents the antero- 
posterior curvature of the external condyle (taken from the 



bone itself, and transferred at once to the engraver's 
block, by the employment of a strip of lead, in the 
manner described at page 158, stipra). The portion a 6, 
belonging to the back of the condyle, coincides exactly 
with uie segment a & of the circle ab d. The remaining 
portion b c, which includes the inferior and trochlear 
aspects of the condyle, approximates closely to the figure 
of the elliptical curve e g fi. The curvature of the internal 
condyle is similar to that of the external, but on a smaller 
scale, and less regularly elliptical in front.* 
Now, such being the shape of the condyles, it is obvious 



* The radii of the posterior curves of the internal and external 
condyle are respectively five-eighths and six-eighths of an inch 
long, in avexage-sized trngh-bones. 
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that, in order to the perrormance of a hinge-Uke motion 
of the joint, one of two actions tnnst take place. Either 
the anieruiT extremities of the condylea must dBseetid into 
the articular cavities of the tihia, while their posterior 
eitremitiea rUe; or, on the other hand, their poeterior 
extremities must descend (taming on the centre of the 
oircolar curve a. b), while their anterior eitremities rise- 
In order, therefore, to prevent extension bevond a right 
line, at the same time that a free range of flexion is per* 
nutted, it is only necessary to attach the ligaments at oi 
heh/iiid the point/, so that they may permit the ascent of 
the OTiterior enda of the coDdyleB, and prevent that of 
their posterior extremities. And, without entering into 
a description of the ligaments, with which we are not at 
present concerned, we may state in general terms, that 
their disposition and points of attachment are in strict 
accordance with this principle.* 

Rotation of the knee-joint is impossible during exten- 
sion of the leg; first, because in that pOMition the 
oblong lower snrface of the condyles of the femnr fit 
closely to the oval cavities formed by the tihia and Bemi- 
Innar cartilages for their reception ; and secondly, because 
the principal ligament* of the joint are, during extension, 
pnt npon the stretch, so an to oppose gliding motions in 
any direction. But rotatory movenienla become possible 
when the joint in flexed, because, in that postnre, exactly 
opposite conditions preyail. The ligaments at the back 
ot the joint are relaxed; and the roonded hinder ex- 
tremities of the condyles, coming into cavities of an 
oblong form, are susceptible of a gliding movement buck- 
ward and forward within them. Under these circnm* 
stances, rotation may be performed in either of three 
different modes :— ITie internal condyle may act as B 
pivot, while the external glides backward and forward in 
the corresponding cavity of the labia ; or, vtM verad, tha 
external condyle may he the fixed point, while the infomol 
is set in motion ; or, lastly, both condyles may more 
together, the one advancing while the other recedes. 



• Thu poalerior cmiisl ligament presents the only exception t* 
tliiH general mle, its anterior fibres being attached to tfia veiv 
front o[ the intar-condyloid notch. These fihrea, however, Rre so 
obliqnelj placed, and BO loDg. that th.y are only lightened in full 

mencenieiit of that modon. 
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(The simtiltaneous advance or retreat of both condyles is 
prevented by a strong pair of ligaments,* lodged in the 
mter-condyloid notch). The natural movements of rota- 
tion, produced by mnscnlar action, are of the first kmd ; 
the external condyle moving backward and forward, while 
the internal is comparatively (though not perhaps ahso- 
hitehf) fixed. (We have here described rotation as per- 
formed by the condyles of the femur on the tuberosities 
of the tibia : it will be understood, of course, that the 
corresponding movements may be executed by the latter 
on the former). 

348. The relative position of the patella, which we have 
next to consider, is not affected by rotation ; but, in the 
ginglymoid motions of the joint, the condyles of the 
femur glide over its posterior surface, bringing succes- 
sively into contact with it everv point of their elliptical 
portion — from the summit of the trochlear groove, which 
touches it in extension, back *to the hindmost points of 
the fiattened under-surfaces, which reach it in extreme 
flexion. In very strong extension, indeed, when the liga- 
mentum patellsB is stretched to its full length, the patella 
rises half its diameter above the trochlea. It is prevented, 
during the natural actions of the joint, from moving 
laterally, by the elevated borders of the trochlear groove, 
of which the external is the more prominent. When the 
extensor muscles are relaxed, however, the patella yields 
readily to external force, and mav be pushed aside in 
either direction (but further inwara than outward) &om 
its median position on the trochlea. The uses of the 
patella, as a protection to the knee, are obvious. It de- 
fends it from violence in the manner of a shield ; and 
distributes, over a considerable extent of surface, pressure 
which would otherwise be accumulated on the prominent 
extremities of the condyles. 

349. The influence of the patella in regidatin^ the 
action of the extensor muscles is a very remarkable 
feature in the mechanism of the knee-joint, and one which 
has never, I think, been thoroughly studied and explained. 
It has, indeed, been stated that the patella furnishes the 
extensors with a longer leverage than they would other- 
wise possess, and the observation is correct so far as it 
goes ; but it falls short of the truth. The patella does 



* The emdal UgB.inATi\A, 
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more titan thia. It canses tbe extenBore to act on Qia 
tibia with h, leverage which variee eonstanth) during the 
passage of the limb from flexion to extenaion, or the re- 
Terae ; adapting them to furnish force and valoc iiy in tie 
exact proportion at each instant required. This function 
depends upon an advancing aod receding moTement of 
the patella, which ia well understood by anatomiats, 
though its purpose appears to have eaoaped their notice. 
In ertoneion, the patella is thrnst forward by the promi- 
nent extremitiea of the condylea, ao that the infra-patellar 
portion of the extensor tendon (or ligamentum i>ateU<B, 
as it is called} slopes forward from its tibial insertion, at 
an angle of from twenty to twenty-five degrees with the 
vertical axis of the tibia. Whereas, in flexion, the flat- 
tened under-aurfaces of tbe condyles are presented for- 
ward, and the jratella falls back into the spa^e previously 
occnpied by their anterior extremities ; ao that, when the 
joint i« half bent, the ligamentiim patella becotnea 
parallel to the axis of the tibia, and, in extreme flexion, 
even inclines backward from the point at which it acts 
on that bone. i 

Theae three positions of the patella, and of the infra- 
jjatellar portion of the extensor tendon, are ahown in the 
annexed diagram, in which A represents the tibia, B the 
femnr, C the patella, and D the ligamentum patelto, in 
tbe posture of full extension. D is inclined forward at 
an angle of twenty-five degreea, from the vertical axis a a 
of the tibia. B', C, and D', respectively represent tiie 
femnr, patella, and Hgameutum patella, in demi-Eezitn) 
of the joint; and here D' is parallel to the axia of tha 
tibia. B", C", and D". represent the same parts as tber 
appear in ftJl flexion— the patella Bunk between the con- 
dyles, and the ligamentum patella} sloping obliquely 
hackwaird at an angle of about twenty degrees from the 
vertical line. 

In the first of theae positions, the esrtiensor mnsclet 
acquire force at the expense of velocity. As the patella 
recedes into the third position, the extensors act more and 
more obliquely on the tibia; and an increasing proportion 
of their force is exchanged for velocity. 

The use of this pri^reasive conversion may easily, I 

think, be perceived. In the posture of full extension, the 

masclea attached to ttie paWla, me em-^o-3ci,i«i\.^^at 

tbe tibia in mo(ioM, bat, on the 001*^013, XoV^e^-ft^OT^ 

/iiaed in a position alreaiy oaBuiaea. "S^iia la m^ uf^cjA^ 



BHIFTDra LEVERAGE OF THE PATELLA. 



with which velodly is inoompatible by its very natnre : 
force being the only conditioa which can possibly be re- 




quired. But when the mnBclea are employed to restore 
flie limb from the posture of flexion to the rectilinew at- 
titude, the cose is changed ; motion to the .extent of 140° 
has now to be commanicated to the tibia, force ceases to 
be the sole requisite, and a certain amount of vehetty 
becomes iniiispensable. To these varviiig aecessities of 
the limb, the shifting leverage of the patella esactlv 
corresponds ; lengthening when force alone is required, 
shortening when there is also occasion for velocity. Hor 
is the grt^Tial transition from one kind of leverage to the 
other without ite use. It distributes the velocity of ei- 
tensioQ in snch a, manner, that the motion is swifter at 
ite commencement than towards its close ; no that the 
strain on the ligaments which finally arrest the action is 
moderated, while the average speed of motion remains 
the same. It also gives the extensors consideraltle pur- 
chase on the tibia a little before it has reached full erbaa- 
sion, enabling them to keep the1iia\i fei-j trai-^ ^ijffissos^. 
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even in attitudes of slight flexion. My view, then, of &B 
whole matter may he shortly expressed in the following 

The shifting leverage of the patella enables the ei- 
tensora to move the lag into required positiona with 
Enffioient veloeiiy, and to Jai it in them 'with adeq^nate 

350. The fibro-oai'tilagea of the knee-joint serve to 
deepen the cavities of the tibia, and, by piomoting tongi- 
tudinal olaaticity, to diatribnte the force of concnasion. 
Other uaea have been attributed to them ; hut their fanc- 
tiona, as well as those of the hgamenta of the knee, are 
still, for want of an eiact method of analysis, imperfectly 
nnderstood. Some hitherto unobserved points in. their 



■ved points ii 
a will form tl 



ject of a separate paper. 

351. The rank and function of the tibia, as the princi- 
pal bone of its region, and the main supporter ot the 
thigh, are clearly indicated by its relative balk and posi- 
tion. The slender shaft of the fibula serves merely as an 
accessory colamn, furnishing some additional support to 
its outer tuberosity, and esletiding the surface for mnsca- 
lar insertion. To this latter purpose, the intcroaseona 
membrane, that stretches between the two bones, is also 
subservient. 

352. The superior tibio-flbular articulation is a small 
arthrodial joint, of the simplest kind, capable only of 
obscure glicfing tootions. The in/trior tiblo-fibular articu- 
lation is analogous ia its structure to the amphi-arthrodiit] 
joints ; the opposed surfaces being separated, and at th« 
same time firmly connected, by an intervening plane of 
short, strong ligamentous fibres. This joint is rendered 
almost immovable by the reception of the lower end of 
the fibula into a triangular excavation of the tibia. 
These tibio-fibular articulations, indeed, have no sndi 
rotatory movements to execute as are performed by the 
corresponding joints of the fore-arm; and their Piistonoe 
probably depends rather on the tendency of Nature to 
the preservation of a uniform type in the construction 
of analogous parts, than on any mechanical advant^e 
thence resulting to the limb. They are evidently toe 
dwindled vestiges of a superior organization — rather 
tiKempliffing a pre-existent law, than fulfilling a pruseat 
/unction. 
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353. The foot, or terminal division of the lower ex- 
tremity, represents an elliptical arch, resting at Isach 
extremity on the ground, and supporting, at right angles 
to its convex aspect, the column of the leg and thigh. It 
is composed of twenty-seven bones, united by thirty-two 
articulations, and arranged in three divisions, called the 
tarsus, metata/rsuSt smd phalanges. These divisions corre- 
spond to the three regions of the hand, and, like them, 
are distinguished by well-marked peculiarities of size, 
form, and mechanicad structure. Thus, each division of 
the foot is shorter and wider than its predecessor ; — their 
relative length being in round numbers as 9, 6, and 4 ; 
their comparative width as 11, 13, and 16. Again, the 
iarstbs consists of cuboid bones, articulated to each other 
by arthrodial or gliding joints ; the metatarsus, of long 
bones, articulated to each other and to the tarsus by 
arthrodial joints ; while the phalanges, which are also 
long bones, articulate with each other and with the 
metatarsus by gmglymoid or hinge joints. Before, how- 
ever, we can understend the mechanism of these re^ons, 
or perceive their analogies to the corresponding divisions 
of the hand, it is necessary to take them to pieces, and 
to study, one by one, the several bones of which they are 
composed. To this minute examination we shall imme- 
diately proceed, premising only, in general terms, that as 
mobility is the distinctive quahty of the hand, so strength 
is the predominating character of the foot ; while elas- 
ticity belongs in an equal degree to both. Hence the 
breadth of the hand, the great length of the fingers in 
comparison to the carpus and metacarpus, and the free 
divergence of the thumb. Hence, on the contrary, the 
narrow elongated form of the foot, its diminutive pha- 
langes, and the massive structure of the tarsus. Hence, 
lastly, in both these organs, the multiplicity of joints, the 
angular disposition of the bones, and the obliquity of 
their articulating surfaces. 

OP THE TABSUS. 

354. The tarsus consists of seven bones, viz., the cal- 
ooneum or os calcis, the astragalus, the cuboid bone, 
the scaphoid or navicular bone, and the three cuneiform 
bones, internal, external, and middle. Iil IV^^ ^x^c^^ss^^ssait 



290 TAGSAL BONES IN GENERAL. ^H 

tion the taraal bonea are arranged in the order of t}ie& 
size, from the caloaneam, which is the largest, down 
to the middle cuneiform, which ia the smallest of the 

355. The tarsus is not siisoeptihlo, like the carpus, of a 
transverse divistun into two rows ; for it9 inner border 

Cmts three boues placed one before the other, its onter 
er only two. But the tarsal bones may be naturally 
and coovenieatly claBsified by the longitudinal method of 
diviBJon, suggested in a former part of this work (284-^). 
Considered, hideed, with reference to its mechanical con* 
atmction, the tarans at once separates itself into two 
lateral portions; an ertepnai, remarkable for solidity and 
strength : an internal, characteriEed chiefly by its elas- 
ticity. The eitemal divieion consiats of two bones, viz., 
the calcanenm behind, the cuboid in front. The internal 
division comprises the remaining five bones, arranged in 
the following order ; — the astragalus behind, in front of 
that the scaphoid bone, and foremost of all, the thrae 
onneiform bones ranged aide by side. These bones we 
■hall at once proceed to describe; reserving forthe sequel 
our observations on the construction and mechanism of 
the tarsus. 



356. The bones of the tarsus present greater diversiiiea 
of size and form, and fewer common characters, thui 
those of the carpus. Each, however, has six surfaces, 
articular where they come into contact with neighbouring 
boncB, elsewhere rough for the attachment of hgaments ; 
each is formed of light, elastic, cancellous tissue, en> 
closed in a thin compact layer ; and each is developed by 
a single osaiiic centre, with the exception only of the cal- 
caneum, which has an additional point at its posterior 
extremity. The development of the tarsal bones takes 
place in the following order : — The central point of the 
calcanenm appears iu the fifth month of fistal life ; that 
of the astragalus, a month later; thoae of the remaining 
bones appear successively at various periods during the 
first four years after birtn. The secondary oasific point 
of the calcaueum does not make its appearance till fi'om 
eight to ten years after birth. 
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OUTEB DIVISION. 

357. This division consists of two bones, — ^the calccmerji/in 
or 08 cald^, and the cuboid hone, 

358. Galcaneum, or os calcis. This is tHe largest bone 
of the foot. It is of an elongated form, transversely flat- 
tened, and larger at its posterior extremity, wbicli projects 
backward to form the strong lever of the heel, than at its 
anterior extremity, which is called the greater process of 
the calcanenm — in contradistinction to a small apophysis, 
situated on the inner side of the bone, and called its 
lesser process. The calcanenm is placed obliquely in the 
tarsus, so as to toucb the ground only at its posterior end. 
Surfaces. Superior, Presents in the middle two articular 
surfaces ; an external and larger situated on the body of 
the bone ; an intemal, which is also somewhat anterior, 
supported by the lesser process. Both these surfaces are 
of oblong form, with their long diameters inclined obliquely 
outward and forward ; both are plane transversely ; and 
both are directed upward and forward to articulate with 
corresponding surfaces of the astragalus. The external 
is wider behind than before, and longitudinally con/vex ; 
the intemal, on the contrary, is longitudinally concan)e. 
These surfaces are separated by an oblique groove, running 
from behind forward .and outward, and rough for the 
attachment of a ligament.* Before the larger surface 
appears the rough upper aspect of the ^preater process, 
presenting an irregular depression (contmuous with the 
oblique groove), for the attachment of several ligaments,t 
and a muscle \X behind it is the upper aspect of that part 
of the OS calcis which projects backward to form the heel — 
a narrow surface, convex transversely, concave longitu- 
dinally, and corresponding, in the recent subject, to a 
mass of adipose tissue that lies in front of the great tendon 
of the heel. Inferior, A narrow surface, convex trans- 
versely, and considerably wider behind than before. 
Posteriorly, it presents two tubercles, separated by a 



* luterosseous astraRalo-calcanean. 
t The anterior-external fibres of the interosseous astragalo^ 
ealcnnean ligament; also the superior calcaneo-scaphoid, and the 
intemal calcaaeo-cuboi<i ligaments. 

X Extensor breviB di|t|v!U>rQ[m. 
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id, ^* 



lougli de^preeeion ; anteriorly, a single tuherde, and, 
front of it, a little tranBTerse groove. Of the poBterior 
tubercles, the ^eternal, email and ronnded, gives attach- 
ment to a mnscle;* the intemoi and larger attaches two 
inuacleH.t and presents, first, a broad infenor surface, for 
the support of the heel ; secondly, a prominent inner 
border, whiohj by its lateral projection, deepens the coa- 
cavity of the internal snrEace. Irom the depreaaion be* 
tween these tnborcles, a long beament tales rise ; another, 
shorter and less superfici^, is attached to the anterior 
tubercle ; and a third set of fibres, shortest and deepest 
of all, is implnnted into the depression in front of the 
anterior tubercle.J The striated snrface between tha 
anterior and posterior tnbercles gives origin to muecular 
fibre8.§ External. This surface presents, near its centre, 
a prominent tubercle for the attachment of a 1iganient.|| 
Behind this tnberole is a wide, even surface, giving attach- 
ment at its npper and anterior part to a small iigament ;^ 
be/ore it is a narrower surface, belonging to the greater 



and forward, transmit two tendons i** the intervening 
ridge gives attachment to an aponeurotic sli|i.tt In-temtU. 
This surface is surmounted, in front, by the leseer procett, 
and elevated, at its posterior-inferior comer, by the 
lateral projecrion of the large tubercle of the heel. 
Traced diagonally from one eminence to the other, it 
presents a concavity of considofable depth ; in tihe 
opposite sense it is convex. Its concavity represents a 
wiJe groove, directed obliquely downward and forward, 
for the transmission of nerves, vessels and tendons, JJ to 
the sole of the foot. The line of junction between this 

Adductor brevia pollicia, aud Boxor brBvia digitamm. (TIi* 



former urisea cu the ioDur aide of tbe iKtter, from the protmnent 
inlernal niM^n of Ihe tnbumlo.) 

t These Mgameuta are called by Meckel the anperfioii], middle 
uid deep Uyera of the cilcanao-cnljoid ligamcDt. *'- "-' ■- ~ 
onolj' callitd tho long plHatur— the BL-coad aud t 
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and tlie inferior surface gives origin to a muscle.* The 
LESSER PROCESS is a curved plate of bone, projecting 
horizontally inward from the aDterior-superior part of 
this surface: above, it supports the astra^;alu8 by an 
oval concave articular surface, already described; below, 
it is convex, and channelled longitudinally by a deep 
groove (sometimes double) for the transmission of two 
tendons.t The cvrcumference of this apophysis is con- 
tinuous externally witn the body of the bone, elsewhere 
free and rough for the attachment of ligaments.]! 
Posterior. Wider below than above, and divided into 
two parts — an i/nferior, convex, and rough for the attach- 
ment of a tendon ;§ a superior, less extensive, fiat, and in 
the rece"!nt subject covered with a thin layer of cartilage, 
and a synovial bursa, over which the tendon plays. 
Anterior. A smooth, sinuously curved surface, of 
irregularly trianf^xdar form, corresponding to the 
posterior surface of the cuboid bone. Its inner side is 
surmounted by a little horizontal prominence which, in 
the articulated tarsus, meets a corresponding prolonga- 
tion of the cuboid, the two processes mutually embracmg 
each other. Traced from the tip of this process doYmward 
and outward, the surface is concave in the greater part 
of its extent, convex for a small space below. In the 
opposite direction it is plane, except at the base of the 
little overhanging prominence, where it is transversely 
convex. This surface forms the anterior aspect of the 
GREATER PROCESS. The Superior, inferior, and lateral 
aspects of this process are continuous with the corre- 
sponding surfaces of the rest of the bone, and their de- 
scription has been included in the foregoing account. The 
only surface, indeed, on which the longitudinal extent of 
the greater process is definitely marked, is the superior ; 
where it is hmited behind by tne convex articidar surface 
for the astragalus. 
359. Cuboid bone. This bone forms a continuous line 



* Flexor accessorins. 
t Flexor longns pollicis, and flexor commimis digitomm. ' (When 
there are two grooves, the latter tendon runs in that which is in- 
ternal, or nearest the tip of the process.) 

t The superficial la^er of the internal lateral ligament, the in- 
ferior, calcaneo-scaphoid ligament, and some astragalo-calcanean 
fibres. 

S That of the gastrocnemiufi, ca\iQ^M^<& tendA-AcA^Od^ 
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with the calcaneam, in front of which it ia placed, 
ahape and position it reeeml)les a tmncated pyramid, 
witQ its base turned upward and inward, its apex in the 
opposite direction. The former asjx^ct contains at least 
fonr times the superficial eoitent of the latter; nhence the 
shape and obliquity of the other surfacee may be inferred. 
The comparison to a cnbe, implied in the name of this 
bone, is tlieretore iaappropriate ; it might he more aptly 
termed the pyramidal bone, in contradistinctioii to ite 
Cuneiform ot wedge-shaped neighbonrB. Sdrpaces — 8vps- 
rioT, or dorsal. An uneven surface directed obliquely up- 
ward and outward, and presenting several rough liga- 
mentoas impressions.* Ite inner is longer than its outer 
border, the former dividing it from the base, the latt«i 
from the truncated ape: of the pyramid which the bone 
represents. Inferior, or plantar. This surface ia more 
extensive, especially along its internal border, than the 
anperior. It looks downward and inward, and is traversed 
by a smooth groove, which runs from without obliquely 
inward and forward, for the transmission of a tendon.'f' 
This groove is bounded posteriorly by a ridge, the promi- 
nent outer estremity of which (called the tuberodty of the 
oaboid) presents a convex cartiluginons facet, for articnla- 
tion with the sesamoid bone of the tendon that lies in the 
groove. The ridge, and the surface behind it, are rongh 
for the attachment of ligaments, t and tendinous fibreB.§ 
The anterior lip of the groove, and the whole inner margin 
of the snrface, also give attachment to ligaments.|] Fos- 
ierioT. A smooth triangular surface, directed backward 
and a little outward, for articulation with the surface of 
the OS calcis, to the sinuosities of which it is conversely 
adapted. Its inner corner is somewhat prolonged back- 
ward beneath the little horizontal process of the calca- 



boDe biickwiird to tbn cslcsneam, iairard to thR sisphi^id and ei- 
terns] cuaeifonu bones, fornrBrtl to tho fourth and fiftli metalarsBl 
boni^fl. i That of the paront^us longns. 

I The ridge itself allaches the long plantar, the snrfaae hehiiid 
it the short plantar ligametit. 

§ FibTBB of theabductor pollicis, and of the fleior bravis minimi 

II llie ■nlerior lip of the groove to plantar li^nientB cxtpadliiK 
froiD the cuboid to the two last metatiirsal bom's; the internd 
margia of the surface to banda pnasing fruui tlie caboid to the Bca- 

pboid and extenul cunaitoim bobea. 
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nenm, aronnd the base of which it turns. This mutual 
overlapping of the two bones is so arranged as to permit 
the descent of the cuboid on the calcaneam, but to oppose 
its motion outward or upward. Anterior. An articular 
surface, of irregularly triangular form, directed obliquely 
forward and outward, and divided by a vertical line into 
two facets ; an internal^ quadrilateral, concave from above 
downward, and articulated to the fourth metatarsal bone ; 
an external, rather larger, of triangular form, slightly 
concave, and articulated to the fifth metatarsal bone. 
Internal, This surface, forming the base of the pyramid 
represented by the cuboid, is directed inward, upward, 
and a little forward. It presents, at its middle and 
upper part, a small cartilaginous surface for articulation 
with the external cuneiform bone ; and behind this, occa- 
sionally, another smaller facet for articulation with the 
scaphoid. In the rest of its extent, it is rough for the 
attachment of two interosseous ligaments.* External, 
A narrow surface, directed outward and downward, and 
presenting the commencement of the groove and ridge 
that traverse the inferior surface. 



INNEE DIVISION. 

360. This division comprises the astragalus, the sea* 
phoid, and the three cuneiform bones. 

361. Astragalus. The largest bone of the inner divi- 
sion, and next to the calcaneum, of the whole foot. It 
occupies the middle and upper part of the tarsus, resting 
on the calcaneum below, supporting the tibia above, and 
articcdating laterally with tne two malleoli. It presente 
in front a smooth convexity, called the head, which is 
joined to the body of the bone by a constricted portion 
called the neck. Surfaces. Superior, Presents, at its 
posterior part, a large, smooth, trochlear surface,^ wider 
Defore than behind, convex longitudinally, slightly con- 
cave from side to side, and articiSating with the tibia. In 
front of this appears the upper aspect of the neck, pre- 
senting a rougn depression for the attachment of liga- 
ments.^ Inferior, Presents two articular av/rfaces, a 



* Cubo-cuneiform and cubo-scapboid. 
t Tbat of the peroneus longus. 
X Astragalo-scapboid, and anterior fibres of the aa^^rfisas^ Nas^^ 
of the tibio-tarBal ligament. 
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larger and a Bnuiller, separated hj a, deep groove, which 
mnB from the inner and postenor corner of the bono 
obliqnely forward and outward, becommg wider and 
deeper as it advances. This groove correBponda to a 
Bimdar one in the calcaneum, (S6ti) forming with it, when 
the bones are united, a canal for IJie lodgment and inaer- 
tion of a Btrong interosseous hgament.* Of the articular 
Borfaces, the larger is external and poeterior to tha 
smaller, which ia nearly equal to it in length, though 
httle more than half aa wide. Both theae ani^acea are 
directed downward and backward, and both are of an 
oblong foiTn, with their long diametera erteiiding- forward 
and ontward. parallel to each other, and to the interven- 
ing groove. The larger is wider behind than before, con- 
cave in the direction of ita long diameter, plane in the 
opposite sense, and articulated to the corresponding enr- 
face on the body of the calcaneum. The amaller is of 
elongated oval hgure, convex longitudinally, and phioe in 
the opposite direction. It articolatea, behind with the 
lesser proc«ss of the calcaneum, and in front with a atronj 
ligaraentf that atretehes beneath it from the calcanenm 
to the scaphoid bone. STho portion of this aurface which 
articulatea with bone, is sometimes separated from that 
which reats upon ligainent, by a conBtriution, or tranaTerae 
groove, dividing thia aspect into two facets.) Internal. 
Presents at its upper part a small, slighijy concave, 
articular surface of oblong form, continnons above with the 
trochlear surface, and covered in the recent subject with 
a protoQ^tion of the same cartilage. Thia surface is 
direoted mward, upward, and a little backward, to articn- 
lat« with a correaponding surface on the internal malleo- 
lua. Below it there is a rough excavation for the attach- 
ment of a strong hgament.J External. Preaents in the 
middle a triangnlar articular surface, larger than the 
internal, and, lUce it, continuous abo\e with the trochlear 
Burface, and encrnsted with a prolongation of the aane 
cartilage. It is concave from above downward ; slightly 
convex in the oppoBite aenae, at its lower part ; and 
directed a little npward and backward, aa weU aa out- 
ward, to articulate with the external raalleolua. Below 
and behind tbis surface are some rough hgamentona 
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impressions.* In front of it appears the narrow onter border 
of the neck, also rongh for tne attachment of a ligament.t 
Posterior, A surface of small extent, traversed by a 
groove which runs obliquely downward and inward, and 
serves for the transmission of a tendon.^ Anterior. A 
convex surface of oval form, somewhat broader at its outer 
than at its inner extremity, and obliquely placed, so that 
its long diameter runs inward and downward. It forms 
the head of the astragalus, and is received into the 
cavity of the scaphoid bone, which, however, it somewhat 
exceeds in length. The inner extremity of this surface is 
separated from the corresponding extremity of the under 
surface by a triangular space, covered with cartilage, and 
directed obliquely downward and inward to meet the 
inner fibres of a strong ligament on which it plays.§ 

362. Scaphoid, or Navicular BOKE. A bone of oval form, 
presenting articular surfaces before and behind, separated 
by a narrow, roughened circumference. Slightly curved 
in the direction of its length, excavated posteriorly, and 
more pointed at its inner than at its outer extremity, it 
certainly bears sufficient resemblance to a shallow boat, 
to justuy the comparison implied in its name. Some- 
what thicker above than below, it is interposed, like a 
wed^e, between the astragalus and the cuneiform bones ; 
resting against the oblong head of the former, and pre- 
senting a corresponding inclination of its long axis down- 
ward and inward. Suepacbs. Posterior. An oval, con- 
cave, articular surface, broader externally than internally, 
and somewhat shorter than the head of the astragalus, 
which it therefore imperfectly receives. Anterior, An 
oblong surface, less regularly oval than the posterior, pre- 
senting from side to side a general convexity, divided by 
two ridges into three articular /cwe^g. Of these the inner- 
most and largest is convex, wider below than above, and 
articulated to the internal cuneiform bone ; the middle, 
second in extent, and distinctly triangular in form, is 
wider above than below, and sinuously curved for articu- 
lation with the middle cuneiform; while the outermost 
and smallest of the three, wider above than below, and 



* For the posterior division of the external lateral ligament, and 
some external calcaneo-astragaloid fibres. 

f Anterior division of the external lateral ligament. 

I That of the flexor longns poUicis. 

§ Inferior calcaneo-scaphovd^^gasd^T^. 
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slightly concave, corresponds to the estemal coneiform 
bone. Superior. Directed obliquely upward and inward, 
conves traosverBely, and roagh I'or the attachment of 
lieaments.* Ivferior. Narrower than the superior, and 
like it, rongh for the attachmMit of ligameata.f Internal. 
This end of the bone forma a tnbercnlar proloTigBtion. 
directed downward and inward, and called the tuhm'ositv 
of the scaphoid bone. It givas attachment to a tendon^ 
and to part of two ligaments. § Extemal. This surface 
is rough for the insertion of u liganient,|| and aometiinei 
preseuta a small facet for articulation with the cuboid 
bone, to the inner anrface of which it is opposed. 

368. Cuneiform bones. Three wedge-shaped bones, 
placed Hide by aide at the anterior and internal part of 
the tarans, with the acaphoid behind them, the meta- 
tarsus in front, and the cuboid bone on their oiiter side. 
They are distinguiahed, numerically, as first, second, and 
third, connting from within ontwarda ; or, more commonly, 
as internal, middle, and external Each presents six 
aspects, corrssponding respectively bj the base, the ciiUvng 
edge, the two qnadrUateraf inclined surfaces, and the two 
tnaDgnlar •parallel surfaces, of a wedge. They are all 
placed somewhat obliquely, e:itending a httle outward ax 
well as forward from the front of the scaphoid. Thii 
inclination differs from tha,t of the neck of the astTB.galnB 
on oiie hand, and from that of the metatarsal bonea on 
the other, giving to the inner division of the tartjns a 
doable curvature, which constitutes, as we shall presently 
find, a very important feature in its mechanical con- 
Btroction. 

364. Internal cpnf.ifobm bone. This bone is the 
largest of the three, and the only one among them that 



■ BorBSil ligaoieiitB, ndiatiDg Trom tbn scBphoid to the other six 
tarsal boDiia. 

f Tho iDlmor calcaneo-BCsphoid ligampnt; alBO, strong plantar 
ligBinenta, eilandiog from the acaphoid lo the oubuid, an d to the 
Internal rnuL-ironn boD"; and some irrp|ni1ar Gbres, pasaing fnnn 
the Bcapboid la Ibe miildlc and rxlerual cuneiform bonus, 
t That 



inferior calcaneo-auapboid liga 
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has its base turned downward. Moreover, it descends 
considerably below its fellows, to a level with the tube- 
rosity of the scaphoid, with which it forms a thick 
marginal prominence, running along the inner side of 
the tarsus, and deepening the transverse concavity of its 
plantar aspect. Sqrpaces. Posterior, A triangular, con- 
cave surface, wider below than above, and articulated 
with the innermost and largest of the three anterior 
facets of the scaphoid. Anterior, A semilunar surface,- 
broader above than below, and articulated to the first 
metatarsal bone. It is curiously twisted, so as to look 
somewhat more inward above than below. Superior, 
A mere edge, turned upward and outward, representing 
the sharp border of the wedge, and giving attachment to 
ligamentous fibres.* Inferior, We have already had oc- 
casion to notice this aspect, which presents itself on the 
plantar surface of the foot, as a thick tubercular ridge, 
often called the tuberosity of the internal cuneiform bone. 
It attaches several ligaments,t gives insertion to two- 
muscles,J and origin to a third.l Internal, A broad, 
quadrilateral, slightly convex surface, directed obliquely 
upward and inward, presenting at its anterior-inferior 
corner a smooth facet, over which a tendon || turns, else- 
where rough for the attachment of ligaments.^ External, 
This aspect is skirted by a narrow articular surface, con- 
sisting of a horizontal and vertical portion, the former 
running along its upper, the latter along its posterior 
margin. The anterior comer of this articular surface is 
divided by a vertical ridge from its posterior portion, so 
as to form a little concave facet which meets the inner 
side of the second metatarsal bone. The remainder of 
the surface, also slightly concave, and continuous behind 
with the posterior surface of the bone, articulates with the 
middle cuneiform. Beneath this articular surface there 



* Belonging to the dorsal scapbo-cuneiform, and dorsal inter- 
cuneiform ligaments. 

f The otUer side of the tuberosity attaches a ligament passing to 
the second metatarsal bone, and another extending to the middle * 
cuneiform bone. Its lower side (or the inferior suriace of the bone, 
properly so called) attaches plantar ligaments passing backward to 
the scaphoid, and forward to the first metatarsal bone. 

X Tibialis anticus, and a slip of the tibialis posticus. 

J Flexor brevis poUicis. || That of the tibialis anticus. 

Dorsal ligaments, extending from this bone to the aca.^\^5;^v^ 
die cuneiform, and first metatarsal \>oii<&. 



SSI CUBOID BONE. 

witi the calcaneura, in front of which it is placed. In 
Hhape and poaition it resemblea a truncated pyrarnid, 
with its base turned upward and inward, its apex: in tiie 
opposite direction. The former aepect cofttaine at least 
four times the superficial extent of the latter; whence the 
shape and obliquity of the other surfaces may be inferred. 
The comparison to a cube, implied in the name of thia 
bone, ia therefore inapprojiriate ; it might be more aptly 
termed the pyramidal bone, in contradistinction to its 
vuneiform or wedge-ehaped neighbours. SuRpicEa — Sape- 
rior, or dorsal. An uneven Bnrface directed obliquely up- 
ward and outward, and presenting several rou^h liga- 
mentous impreasions.* Its inner is longer than its ontet 
border, the former dividing it from the base, the latter 
from the ttnncated apex of the pyramid which the bone 
represents. Inferior, or planta/r. This surface is more 
extensive, especially along its internal border, than the 
superior. It loots downward and inward, and ia traversed 
by a smooth groove, which runs irom without obliquely 
inward and forward, for the trananiissioik of a tendon.t 
This groove is bounded posteriorly by a ridqe, the promi- 
nent outer extremity of which (cafled the tuherosily of the 
cuboid) presents a convei cartilafjinons facet, for articula- 
tion with the sesamoid bone of the tendon that lies in the 
groove. The ridge, and the surface behind it, are rough 
for the attachment of ligaments,^ and tendinous fibres. § 
The anterior lip of the groove, and the whole inner margin 
of the surface, also give attachment to ligaments. || Pot- 
terior. A smooth triangular surface, directed baclrward 
and a Uttle outward, for articulation with the surface of 
the OS calcis, to the sinuosities of which it ia conversely 
adapted. Its inner corner is somewhat prolonged back- 
ward beneath the httle horizontal process of ^le calco- 



• For tha attachment of dorea! ligatnents, aitandinB from this 
bone backward Co tho calcBDeum, inward lo the ampboid and ex. 
ternal cuDeiform bonea, forward to tho fourlb aad flith mutatarHal 
boauB. t That of tho pproQPua longnn. 

t The ridge itself attacbea tha long plimtar, tha aarface behind 

§ Fibres of the-abductor poUicia, and of tbe flcior brevis minimi 

,___ _ B plantar ligaments eitcndiiw 

D last mctatnrHal boni^S; the Inti^nial 

' \g from the cuboid to the soa- 
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neum, around the base of which it turns. This mutual 
overlapping of the two bones is so arranged as to permit 
the descent of the cuboid on the calcaneiim, but to oppose 
its motion outward or upward. Anterior, An articular 
surface, of irregularly triangular form, directed obliquely 
forward and outward, and divided by a vertical line into 
two facets ; an internal, quadrilateral, concave from above 
downward, and articulated to the fourth metatarsal bone ; 
an external, rather larger, of triangular form, slightly 
concave, and articulated to the fifth metatarsal bone. 
Internal. This surface, forming the base of the pyramid 
represented by the cuboid, is directed inward, upward, 
and a little forward. It presents, at its middle and 
upper part, a small cartilaginous surface for articulation 
with the external cuneiform bone ; and behind this, occa- 
sionally, another smaller facet for articulation with the 
scaphoid. In the rest of its extent, it is rough for the 
attachment of two interosseous ligaments.* External, 
A narrow surface, directed outward and downward, and 
presenting the commencement of the groove and ridge 
that traverse the inferior surface. 



INNER DIVISION. 

360. This division comprises the astragalus, the sca- 
phoid, and the three cuneiform bones. 

361. Astragalus. The largest bone of the inner divi- 
sion, and next to the calcaneum, of the whole foot. It 
occupies the middle and upper part of the tarsus, resting 
on the calcaneum below, supporting the tibia above, and 
articulating laterally with the two malleoli. It presents 
in front a smooth convexity, called the head, which is 
joined to the body of the bone by a constricted portion 
called the neck. Surfaces. Superior, Presents, at its 
posterior part, a large, smooth, trochlear 8urface,\ wider 
Wore than behind, convex longitudinally, slightly con- 
cave from side to side, and articulating with the tibia. In 
front of this appears the upper aspect of the neck, pre- 
senting a rougn depression tor the attachment of liga- 
ments.ij! Inferior, Presents two articular aurfaxies, a 



* Cubo-cuneiform and cubo-scaphoid. 
t That of the peroneus longus. 
X Astragalo-scaphoid, and anterior fibres of the aiu^r&aak \afi^^ 
of the tibio-tarsal ligament. 
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l&Tger and a em&Uer, separated b^ a deep groove, which 
runs from the inner and posterior comer of the bone 
obliqnely forward and outward, becoming wider and 
deeper as it advances. This groove correspoada to a 
aimilar one in the calcaneum, (35b) forming with it, when 
the bones are united, a canal for the lodgment ajid inser- 
tion of a stroftg interosaeoTis ligament.* Of the articular 
snrfaces, the larger is estemal and posterior to the 
smaller, which is nearly ei^aal to it in lengtli, though 
little more than half as wide. Both these surfaces are 
directed downward and backward, and both are of an 
oblong form, with their long diameters eiteiiding forward 
and outward, parallel to each other, and to the interven- 
ing groove. The larger is wider behind than before, con- 
cave in the direction of its long diameter, plane in the 
opposite sense, and articnlated to the corresponding sur- 
' 1 the body of the calcanenm. The smallei 



lesser process of the calcanenm, and in front with a. strong 
ligainentt that stretches beneath it from the calcanenm 
to the scaphoid bone. (The portion of this surface which 
artioulates with bone, is sometimes separated from that 
which rests npon ligajnent, by a constriction, or transverse 

Kiove, dividing this aspect into two facets.) Internal. 
esenta at its upper part a small, slightly concave, 
articnlar surface of oblong form, continnone above with the 
trochlear surface, and covered in the recent subject with 
a prolongation of the same cartilaee. This surface is 
directed inward, upward, and a little backward, to articu- 
late with a corresponding snrface on the internal malleo- 
lua. Below it there is a rough excavation for the attach- 
ment of a strong ligament-t E-xta-nal. Presents in the 
middle a triangular articnlar surface, larger than the 
internal, and, like it, continuous above with the trochlear 
surface, and encrusted with a prolongation of the same 
cartilage. It is concave from above downward ; slightly 
convex in the opposite sense, at its lower part ; and 
directed a httle upward and backward, as well as out- 
ward, to articulate with the external malleolus. Below 
and behind this surface are some rough ligamentous 



SCAPHOID BONE. 297 

impressions.* In front of it appears the narrow onter border 
of the neck, also rough for tne attachment of a ligament.t 
Posterior. A surface of small extent, traversed by a 
groove which runs obliquely downward and inward, and 
serves for the transmission of a tendon.^ Anterior, A 
convex surface of oval form, somewhat broader at its outer 
than at its inner extremity, and obliquely placed, so that 
its long diameter runs inward and downward. It forms 
the head of the astragalus, and is received into the 
cavity of the scaphoid bone, which, however, it somewhat 
exceeds in length. The inner extremity of this surface is 
separated from the corresponding extremity of the under 
surface by a triangular space, covered with cartilage, and 
directed obliquely downward and inward to meet the 
inner fibres of a strong ligament on which it plays.§ 

362. Scaphoid, or Navicular bone. A bone of oval form, 
presenting articular surfaces before and behind, separated 
by a narrow, roughened circumference. Slightly curved 
in the direction of its length, excavated posteriorly, and 
more pointed at its inner trian at its outer extremity, it 
certainly bears sufficient resemblance to a shallow boat, 
to justuy the comparison implied in its name. Some- 
what thicker above than below, it is interposed, like a 
wed^e, between the astragalus and the cuneiform bones ; 
resting against the oblong head of the former, and pre- 
senting a corresponding inclination of its long axis down- 
ward and inward. Subfaoks. Posterior, An oval, con- 
cave, articular surface, broader externally than internally, 
and somewhat shorter than the head of the astragalus, 
which it therefore imperfectly receives. Anterior. An 
oblong surface, less regularly oval than the posterior, pre- 
senting from side to side a general convexity, divided by 
two ridges into three articular ^ace^s. Of these the inner ^ 
most and largest is convex, wider below than above, and 
articulated to the internal cuneiform bone ; the middle, 
second in extent, and distinctly triangular in form, is 
wider above than below, and sinuously curved for articu- 
lation with the middle cuneiform; while the outermost 
and smallest of the three, wider above than below, and 



* For the posterior division of the external lateral ligament, and 
some extenifu calcaneo-astragaloid fibres. 

f Anterior division of the external lateral ligament. 

I That of the flexor longiis pollicis. 

§ Inferior calcaneo-scaphoid U^udcl^t^« 
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eliglitty ccincave, corresponds to the eiten>al caneiform 
bone. Siqierior. Directed obliquely upward and inward. 
conyes tranBveraely, and rougn for the attachment of 
ligaments.* I^nferior. Narrower than the anpisrior, and 
like it, rough for the attachment of ligameiits.t Interned, 
This end of the bone foims a tubercnlar proloiigation, 
directed downward and inward, and called tbe tuberosOv 
of the scaphoid bone. It gives attachment to a tendonj 
and to part of two ligaments. § External. Thie eurface 
is rough for the insertion of a ligainBnt,|| and sometimes 
piesenta a small facet for articulation with tbe cuboid 
bone, to the inner surface of which it ia opposed, 

363. Cdkeik)hu: eones. Three wedge-shaped bones, 
placed side by side at the anterior und internal part of 
the tarsDB, with the scaphoid behind them, the meta- 
tarsus in front, and the cuboid bone on their otiter aide. 
They are distinguished, numerically, aa first, second, and 
third, counting from within ontwarda ; or, more commonly, 
as internal, middle, and external. Each preaentB six 
BBpecta, corresponding respectively to the bate, the cutting 
edge, the two quadrilateral titcJiTied suTfaces, and the two 
tnangular fwralUl surfaces, of a wedge. They are all 
placed somewhat obliquely, extending a Utile outward as 
well as forward from the front of the scaphoid. This 
inclination differs from th»t of the neck of the astragalus 
on one hand, and from that of the metatarsal bones on 
the other, giving to the inner division of the tarsus a 
donble curvature, which constitutes, aa we shall preseatly 
find, a Tery important feature in its mechanical oon- 
Btruotion. 

3t>4. Intbbbai. cuNEiroBM BONE. This bone ia the 
largest of the three, and the only one among them that 



■ Dorsal Ilgsmeats, ndiatlng from the scBpboid to the other six 
tarsal booes. 

I TbH inferior caloiueo-scapboid ligament ; also, strong pluitar 

lignmi'ntB, eitending from tlie sraplioid to the cubuid, uiid to tha 

intamal cnueiform boD'' ; and borio irrr^tsr llbrHtB, poBsing bam 

tba Boaphoid lo the mirtdle and exteri>ii1 uuubifonu bonas. 

t That of the tibialis poBticne. 

) ViK.— Hrst, B atroDg band extending backward from tblm 
tnbcTclfi lo ths losBer process of the oaluaunum, and bslongiog to 
thn inferior calcaneo-acaphoid ligament! and, secimiily, soma 
leifurai bone, and 
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has its base turned downward. Moreover, it descends 
considerably below its fellows, to a level with the tube- 
rosity of the scaphoid, with which it forms a thick 
marginal prominence, running along the inner side of 
the tarsus, and deepening the transverse concavity of its 
plantar aspect. Sqrpaces. Posterior, A triangular, con- 
cave surface, wider below than above, and articulated 
with the innermost and largest of the three anterior 
facets of the scaphoid. Anterior, A semilunar surface^ 
broader above than below, and articulated to the first 
metatarsal bone. It is curiously twisted, so as to look 
somewhat more inward above than below. Superior. 
A mere edge, turned upward and outward, representing 
the sharp border of the wedge, and giving attachment to 
ligamentous fibres.* Inferior. We have already had oc- 
casion to notice this aspect, which presents itself on the 
plantar surface of the foot, as a thick tubercular ridge, 
often called the tuberosity of the internal cuneiform bone. 
It attaches several ligaments,t gives insertion to two. 
muscles,;]; and origin to a third.l Internal. A broad, 
quadrilateral, slightly convex surface, directed obliquely 
upward and inward, presenting at its anterior-inferior 
corner a smooth facet, over which a tendon {| turns, else- 
where rough for the attachment of ligaments.^ External. 
This aspect is skirted by a narrow articular surface, con- 
sisting of a horizontal and vertical portion, the former 
running along its upper, the latter along its posterior 
margin. The anterior comer of this articular surface is 
divided by a vertical ridge from its posterior portion, so 
as to form a little concave facet which meets the inner 
side of the second metatarsal bone. The remainder of 
the surface, also slightly concave, and continuous behind 
with the posterior surface of the bone, articulates with the 
middle cuneiform. Beneath this articular surface there 



* Belonging to the dorsal scapho-cuneiform, and dorsal iuter- 
cnneiform ligunents. 

f The outer side of the tuberosity attaches a ligament passing to 
the second metatarsal bone, and another extending to the middle 
cuneiform bone. Its lower side (or the inferior sui^ace of the bone, 
properly so called) attaches plantar ligaments passing backward to 
the scaphoid, and forward to the first metatarsal bone. 

X Tibialis anticus, and a slip of the tibialis posticus. 

8 Flexor brevis pollicis. n That of the tibialis anticus. 

^ Dorsal ligaments, extending from this bone to the scaphoid.^ 
middle cuneiform, and first metatarsal boii<b. 
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is a rongh apace, the upper part of which ii ^ ^ 

the midtlle cuaeiform bone, and attaches B.D mteroeaeoiu 
ligament;* while its lower portion projects into the plantar 
Tegion, forming the inner side of the tuber/Htlly, aod 
attachitiK plant&r ligaments, in the tnanner tUrea% 
described. 

365. Middle cmEiFORM sone. This, the emallesrt of 
the three cuneiform honea, m of very regular wedge-lito 
form, but a little wider behind than before. It is in- 
serted between its fellows, with its base upward, in iht 
manner of a keystone. But, by reason of its inferior mae, 
it fills up only a part of the interval between the eztemil 
and iateraal cuneiform bones, leaving a wide empty apace 
in front, and another, much narrower, below. The 
anterior recess lodges the extremity of the second meta- 
tarsal bone ; the narrow interval below it is occupied 
merely by a few plantar ligamentous fibres. Subfacm. 
Posterior. A. triangular articnlar surface, alternately 
■ concave and convex, corresponding to the siuuonsly 
curved triangular facet on the middle of the scaphoid 
bone. Anterior. A. triangular sinnous enrface, some- 
what narrower than the poBterior, and directed forward 
and outward to articulate with the extremity of the 
second metatarsal bone. Internal. (Quadrilateral, and 
skirted along its superior and posterior borders by a 
ehghtly convex cartilaginous snrftice. which presents a 
horinontal and a vertic^ portion, in exact eorreapondenee 
with the marginal surface on the outer aspect of the ia- 
temal cuneiform, {:!ti4) with which it articulates. Below 
this articular snrtaoe is a rough depression for the inser- 
tion of a ligament.t External. This surface presenta, 
posteriorly, a smooth facet, concave from above down- 
ward, and plane in the opposite direction, for articulation 
with the external cuneiform bone. In tront of this is ft 
narrow, rough apace, for the insertion of a ligameutj 
Siyierior. A quadrilateral surface, somewhat wider be- 
hind than before, forming the base of the bone, and rongh 
for the attachment of ligament8.§ Inferior. A narrow. 



t IntiiraKBitous liguudnt belweec t}iiif boiiDiuid tbo internal canvl- 

t Intemsaecua ligament eitendiiig from tfaia bone to tlie extenul 

j Dorsal ligaments fosaing ta tlie four tidia.ceut bonus. 
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tabercular aspect, almost concealed by the internal and 
external cuneiform bones, which project below it into the 

f>lantar region, approaching eacn other as they descend, 
t gives attachment to a ligament.* 

366. External cuneipokm: bone. Intermediate in size 
between the other two, and placed like the second with 
its base upward, this bone occupies a very central posi- 
tion in the tarsus. Thus, it has two cuneiform bones to 
its inner side, the cuboid bone (which about .equals them 
in bulk) to its outer side, and the middle bone of the 
metatarsus in front. And, as the second metatarsal bone 
projects backward into the tarsus, so, on the other hand, 
does this bone, exceeding the cuboid and middle cunei- 
form in length, jut forward between the second and fourth 
bones of tne metatarsus ; by which alternate projection 
the tarsus and metatarsus are firmly interlocked, and 
secured from lateral displacement. Surfaces. Posterior, 
This surface presents a small, slightly convex facet, 
broader above than below, and directed backward and in- 
ward to articulate with the external facet of the scaphoid 
bone. Below this is a Httle rough space, to which some 
ligamentous fibres are attached.t Arderior. Triangular, 
and slightly concave, for articulation with the third meta- 
tarsal bone. Internal, A quadrilateral surface, present- 
ing two articular facets ; a smaller , situated at its anterior- 
superior comer, and articulating with the outer side of 
the second metatarsal bone; a. larger, running along its 
posterior margin, — prolonged, and slightly convex, in the 
vertical direction — narrow and plane transversely, — 
directed inward, upward, and a little forward, to articu- 
late with the middle cuneiform bone. Between these 
facets is a rough depression, for the attachment of a liga- 
ment.]; External, This surface, like the last described, 
presents two articular facets ; a smaller, situated at its 
anterior-superior comer, and articulating with the inner 
side of the fourth metatarsal bone ; a larger, also pos- 
terior, wider above than below, slightly concave, and 



* A short, strong, ligamentous band, extending obliquely back- 
ward and inward from this surface to the outer side of the tube- 
rosity of the internal coneiform bone. (Some anatomists consider 
this to be part of the interosseous ligament between the internal 
and middle cuneiform bones.) 

t A few fibres running backward and outward to the cuboid bone. 

X interosseous ligament between this and the middle cuneiform 
bone. 
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directed obliqufily outward, backward, and downward, to 
articulate with the cuboid. The interreniiig space is 
rouRh, and escavated for the attachment of an ioteros- 
BeoQH hgament.* The euhoidal articular aurface just 
described is an iudependent fatet, having a cartilage 
proper to itaelf. But the little metatarsaJ facet in front 
of It, and the similar nietatarGal facet of the internal 
aspect, are continuous with the anterior surface of the 
bone, and covered with a prolongation of the same carti- 
lage. The surface which articulates with the adjacent 
cuneiform, and the poaterinr or Bcaphoidal surface, are in 
like manner cnntinuons with each other — bb indeed are 
the corresponding surfaces of all the cuneiform Iwnes. 
(The reason of tnis continuity is, as we shall preeentlr 
have occasion to explain, that the Bcapho-cnneifomi and 
intet-cuneiform articulations are all lined in the recent 



subject^ by a common synovial membrane, presenting 
bnt a single cavity.) Superior, A quadrilateral snrface, 
representing the base of the wedge, directed upward and 
ontwaid, and rough for the attaehmeiit of ligamenta.f 
Inferior. This aspect ap]>ears in the plantar rejjion as n 
tubercnlar ridg^ descendmg lower than the second cnnei- 
form bone, but not so low as the lirst. It is directed 
downward and inward, and gives attachment to several 
ligaments,! to a tendinous Bhp,§ andoccaaionallj to afew 
muscular f ' 
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367. The seven bones that have now been iea 

compose a region of elongated form, narrow and frn 
behind, where it rests upon the ground, gradually widen- 
ing towards its anterior extremity, which is supported by 
the metatarsus. This region, which forms of itaelf the 
posterior moiety of the vault of the foot, presents a longi- 
tndina) and a transverse curvature ; so that it is conw 

t Doraal ligameuta passing hence, in all diraotionB, to the ooo- 

J PUntar lieamenta extending to the on bo 
torm boneB, aleo » strong fftiripulue. Dsasin 
fifth melMlsnml bone, uid Bome I 
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in both directions abo^e, and concave in both directions 
below. It is also twisted, so to speak, upon itself, in sucli 
a manner that its posterior half is most extensive in the 
vertical dimension, and consists of bones piled one upon 
the other ; while its anterior half, on the contrary, is most 
extensive transversely , and consists of bones ranged side 
by side. Hence, each of the fonr principal aspects of the 
tarsus — viz. its superior, inferior, and two lateral aspects 
— ^presents a surfac-i at one end, narrowing to a border at 
the other. Thus, the superior aspect presents, in front, 
an expanded convex sv/rface, formed by the scaphoid, 
cuboid, and three cuneiform bones ; behind this appears 
the comparatively narrow trochlea of the astragalus; 
and, still further oackward, the upper border of the pro- 
jecting lever of the heel. So, too, the inferior view pre- 
sents m front, the wide excavated under-surf'ace of the 
anterior group of bones ; and, behind, only the narrow 
lower aspect of the lever of calcaneum. Again, the 
inner aspect presents, in front, a border formed by the 
tuberosity of the internal cuneiform and scaphoid bones, 
and by tne neck of the astragalus ; and, behind, an ex- 
panded sv/rfa^ie formed by the inner side of the body of 
the astragalus, and by so much of the corresponding as- 
pect of the calcaneum as lies behind its lesser process. In 
like manner, the outer aspect presents, in front, a border 
formed by the narrow out«r side of the cuboid bone, and 
greater process of the calcaneum; and, behind, an ex- 
tensive surface formed by the bodies of the astragalus 
and calcaneum. Of these aspects the inferior is remark- 
able for its irregular tubercular appearance. Thus, it 
presents, posteriorly, the three tubercles of the calca- 
neum ; in front of these, the oblique ridge of the cuboid, 
and the tubercular lower border of the external cunei- 
form bone ; while further inward, appear the tuberosities 
of the internal cuneiform and scaphoid bones, which 
though they appear on the lateral aspect of the tarsus, 
project downwards also into the plantar region, so as 
to form a thick ridge along its inner margin. This sur- 
face also presents the two principal tendinous grooves of 
the tarsus, one (sometimes double) on the lesser process 
of the calcaneum, the other on the cuboid bone. The 
former is continuous behind with the oblique groove on 
the posterior extremity of the astragalus ; (3(51) the latter 
leads externally to the inferior of the two oblique grooves 
on the outer surface of the calcaneum. (358^ T\2L<b dArtvMiffw 
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of the taraiiB is coinparativelj smooth and level. It 
preseotB, poateriorly, tfie trochlea of the astragalus (the 
centre of which aurfuce eorreHponda with the point ot 
jnnotion between the posterior two-liflha and the anterior 
three-fifths of this aspect). In front, and a little to the 
outer side of this articnlar eminence, appears an escava* 
tion of considerable size and depth, which maj be called 
the doraoi foua ai the tarsua (in contradistinction to its 
plantivr excavation). Thia fosaa ia bonnded, beloui, by Htd 
greater prooeaa of the caicaneum ; behinil, by the body of 
the ftstragaiua ; and above and on the imier aide, by the 
neck of the aatra^alns, which arches over it obliqnelj 
forward and inwwd. In front and erternally it is open. 
It lodges part of the interoaseonB ligament that connects 
the aatragalna and calcaaeum ; it also gives attachment 
to two other ligaments,* and a muscle.f It is continnona 
behind wi\,b the obhqne canal formed by the jnnction ot 
the grooves of the astragalus and caicaneum ; of which 
canal, indeed, it may be considered as the expanded 
extremity. Of the laieral aapecta of the taraua, the 
inlentai ia somewhat convei, the external nearly flat ; 
each presents at its npper and posterior part the articular 
surface for the corresponding malleolus. Below this anr- 
fece, on the outer aide, appeara the eiternal aorface of the 
body of the caicaneum, with its central tubercle for the 
attachment of a ligamenLj Further forward niaj be 
observed, in succession, the two oblique groovvg of tha 
caicaneum, with the tuberch which separates them, — and 
the taberoKity of the cuboid, with its smooth facet for 
articulation with the eeaamoid bone of a strong t«ndon.§ 
Below the malleolar surface, on the hmer aspect, appeut 
a rough depreetion of the astragalua ; and below this, 
again, the tubercular extremity of the lesBer proeess of 
the caicaneum ; both attaching internal ligamenta of tits 
ankle-joiut.|l 

3t>9. Of tne extremities of the tarsua, the poslerittr 
presents only the hinder aspect of the caicaneum, and 
requires no notice here. The anterior, on the contrarr. 



■ Sopariar calcaBeo-cnboid, lUid eitemal cslcsBDBO-BCiiijIitiid. 
t Eilensur brpTia digiUiruui. 
t Middle division of the eilt^miil laieral liKiimeat of the ankle- 
joint- } Th«t at the poroneua loogus, 

{[ The nstragnlne stUchea the detp, the Irsecr process of the nl- 
oaueam the iupei;fidal layer, of the intemiJ Ulerai lig4meiit. 
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is a very remarkable border, formed by tbe cuboid and 
the three cuneiform bones. It is transversely curved so 
as to present a convezity upward, uid it inclines from 
within obliq^uely outward and backward, so that its inner 
extremity (formed by the first cuneiform bone) occupies a 
position full half an inch in advance of its outer extremity 
(formed by the cuboid bone). It is rendered uneven by 
the projection of the internal and external cuneiform 
beyond the level of the middle cuneiform and cuboid 
bones. Of this arrangement wo shall have occasion to 
speak more particularly in our description of the meta- 
tarsus, with which this border articulates. 

MECHANISM 01 THE TAASUS. 

370. This division of our subject includes, first, a 
description of the tibio-tarsal or ankle joint, by wluch 
the foot is hinged to the leg ; and, secondly, an analysis 
of the in^«9'far8a2 joints, and of the mechanical arrange- 
ments which give elasUeity and stren^h, together with a 
considerable degree of mohilUyf to this region of the foot. 

371. The articulation of the cmkh is a gingVymms or 
hdnge-jovrU capable of angular motion in the vertical 
plane, to the extent of about 35°. It is effectually 
secured from lateral dislocation by the projection of 
the malleoli, which descend, one on each side of the 
astragalus, forming a sort of box for its reception; so 
l^t luxation on either side is absolutely impossible, 
except in case of fracture of the corresponding malleolus. 
Another provision, tending to maintain the bones firmly 
in their relative position, consists in the shape and 
adaptation of the opposed surfaces. The trochlea of the 
astragalus presents a median groove, and two lateral 
elevations, respectively receiving, and received into, a 
median ridffe, and two lateral depressions on the terminal 
surface of uie tibia. In the median position of the foot, 
when it rests horizontally on the ground, the astragalus 
receives tiie pressure of the tibia at right angles, and 
none of the ligaments of the ankle- joio.t are put upon the 
stretch — a circumstance which mav be noted as one of 
the conditions on which the aptituoe of man for the erect 
posture depends. From this median position the foot 
M raised, in flexion, about 10° or 15°, and depressed* 
in extension, between 20° and 25°; the former move- 
ment being checked by the po8tezior» and thA Ib^e^ssl 



306 MECHANISM OF THE TARSUS. 

by the anterior ligaments of the iomt. In flexion, flie 
wide anterior extremity of the trochlea- of the astragalni 
ie broagM between the two malleoli, and ooinplet«ly BOb 
the intervening epa^ie ; so that, in this attitude, no l^tenl 
movements of the joint are possible ; but in extension, the 
narrow poaterior extremity of the trochlea comes between 
the maLleoh, only partially filling the space bounded hj 
those processes; ho that, ui this posture, slight lateral, or 
rather rotatory movements, by which the toes are pointed 
a little inward or outward, may be performed. And this 
I take to be the tme explanation of the fact that the 
trochlea of the astragalaa ia narrower beLiad tha,a before, 
— a fact of which anatomical writers have not hitherto 
pointed out the meaning. Craveilhier has evidentlj over- 
looked it, in asserting, without reference to any particolai 
position of the foot, that lateral movement of the astra- 
galns necessarily involves displacement or fracture of tia 
external malleolaa. Bourgery goes to the other estreme, 
in attributing to the ankle-joint movements of adduction 
and abduction, by which the sole is turned inward or 
outward. Each of theae movements wonid involve partjal 
separation of the opposed surfaoea; eo that the tibia wonM 
touch the astragalus on the inner side only, in adduction, 
— on the outer side only, in abduction. I have satisfied 
myself, by repeated obaervation, that the ligaments permit 
no such separatiou of the bones ; which, even if possible, 
would probably injure the joint, by causing an nndve 
accnmulation of pressure on particular points of ita 
articular surfaces. 

The proidmity of the ankle-joint to the heel ia an 
important feature in the oiganiKation of the limb. It 
not only determines the leverage of the extensors of the 
foot, and the proportiona of velocity and force in tlie 
motions which they produce, but it enables us, by simply 
elevating or depressing the knee, to modify the character 
and propertiea of the support which the foot affords to 
the leg. In the former posture, when only the anterior 
extremity of the sole touches the ground, force is trans- 
loitted very indirectly, and by the intervention of a long 
spring in the tibia ; m the lait«r position, on the contraiy, 
when the heel rests on the ground, a comparaliTeyf 
direct and ri^d support is afforded to the leg. The first- 
described attitude IS employed to distribute the force at 
andden coiwijwsion (that of a jump, for example); the 
second posture ie aeenmed when the foot is reqauad to 
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stistam some heavy continuous pressv/re (that of the 
trunk, for instance, angmented, as it often is, by the 
addition of a ponderous bnrden). 

This explanation may be confirmed, and the advantage 
of the existing arrangement illustrated, by considering 
the effect of a different structure. 

If the trochlea were situated at a greater than its 
actual distance from the heel — ^if, for example, the tibia 
were supported on the centre of the peaal arch— the 
aptitude of the limb to sustain pressure and concussion 
would be diminished. Sudden shocks on the anterior 
extremity of the sole, being received by a shorter spring, 
would pass more abruptly to the leg; and continuous 
pressure, finding its way less directly to the ground, 
would strain more severely the bony and ligamentous 
structure of the foot. If facts are required in further 
corroboration of these views, we may refer, on the one 
hand, to the violent concussion of the whole body, 
occasioned by a fall upon the heel ; and, on the other, 
to the strain on the plantar ligaments, resultiuff from an 
attempt to support a heavy burden while tiae heel is 
elevated from tne ground. 

372. The mechanism of the mtertcMrsaZ articulations 
may be considered with reference, first, to mobility, and, 
secondly, to elasticity. The astragalo-calcanean, astra- 
galo-scaphoid, and calcaneo-cuboid joints, are capable of 
comparatively extensive movements, by which the attitude 
and direction of the foot are visibly changed. The remain- 
ing articulations, including the three scapho-cuneiform, 
the two intercuneiform, and the cubo-cuneiform joints, 
together with the cubo-scaphoid (when it exists) are 
susceptible only of very limited movements, contributing 
to the general fiexibility and elasticity of the tarsus, but 
producmg no sensible alteration in its posture. 

The seven last-mentioned joints are, in the recent 
subject, all lined bv a common synovial membrane, which 
covers the front ot the scaphoid, and the posterior surfaces 
of the three cuneiform bones, sending prolonp^ations be- 
tween them, as well as into the cubo-scaphoid joint (when 
it exists), and from thence into the cubo-cuneiform. The 
calcaneo-cuboid joint has a separate synovial membrane ; 
as also has that portion of the astragalo-calcanean joint 
which lies to the outer side of the astrago-calcanean 
oblique canal. That part of the astragalo-calcanean joint, 
however, which lies on the irmer side of the caaai^i&\i3&s^ 
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by a, continnation of the same HjnoTia] membrane, wBm 
covers the surfaceB ot the astrago- scaphoid articolatioiL 
The two joints, indeed, appear at first sight to be per^ 
feotly difltinct ; the leaser process of the calcanenm being 
separated, is the skeleton, from the scaphoid bone hy a 
tnangiiia,r interval throagh which part of the articnlar 
nnder-aurface of the head of the astragalus appears in 
the plantar reeion. In the recent subject, howerer, a 
strong ligament Btretches sctobb the interval from thfi 
leBser process of the calcanenm to the Bcaphotd bone, 
fumiehmg the head of the astragaJns with a. flexible, 
yielding enpport, and presenting a surface alooK which 
the synovial membrane is reflected continnonsly from 
one bono to the other. Thna, though there are ten joints 
in the tarsna, there are only four separate aynovud 
cavities.* The shape ajid curvature of the oppoaed 
Burfaoes in these joints having been already described, I 
shall proceed at once to consider the direction and effect 
of their several movements, of which no full and aatis- 
factory account has hitherto been published. 

373, The calcanenm performs npon the astragalus s 
movement of rotation, the axis of which is the middle of 
the astragalo-calcunean intenW' 
seons ligament. The position of 
this axis is shown at a, in the 
annexed diagram. It Jiee be- 
tween the body and leaser pro- 
cess of the bone, at the jnnetioB 
I of the two posterior thirds witi 
the anterior third of its lengtii. 
In rotating on this centre, thv 
body of the calcanenm advances 
beneath the body of the astra- 
galus, while its lesser process 
recedes beneath the neck of that 
bone. The advance, however, is 
re extensive than the reces- 
sion, because the centre of mo- 
tion is ftirther from the middle of the body than from 
the middle of the lesser process. Hence the relatiw 




Iho aynoTial cavity in front of the scaphoid e> 
uiuuuaiieB i.i."tungh tho cnbo-8ca[ihoid joint) with that which 

behind the ecaphoid, la which i^esu the number of BV|nrale ■ ' 

cavities in the Ursuis w ndoced to throe. 
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position of the neck of the astragalus and the lesser 
process is comparatively little changed ; but the body of 
the calcaneum advances nearly a quarter of an inch. 
But, again, as the body of the (»lcaneum articulates by a 
convex surfiEice directed, upward and forward, with a con,' 
cavity on the astragalus having an opposite aspect, it 
cannot ^lide strak^ht forward, as it might upon a plane 
surface horizontaUy disposed, but is compelled to desc&nd 
a little in advancing. This descent is from one-eighUi to 
three-sixteenths of an inch in extent. A converse adapta- 
tion of surfaces compels the lesser process to ascend a 
little as it recedes. Moreover, as the body of the calcaneum 
advances by rotation on a centre situated at its inner side, 
its advance must be accompanied by a motion of its 
anterior extremity inward (and, of course, of its posterior 
extremi^ in the opposite direction)^ 

The effect of this compound movement of the calcaneum 
upon the anterior re^on of the foot is easily traced. Thecal- 
caneum articulates in front with the cuboid bone, whi(^ 
supports the outer side of the metatarsus and phaJanges ; 
while the head of the astragalus is connected, by the inter- 
vention of the scaphoid and cuneiform bones, with the vrmer 
side of those regions. The e&ct of odvoiicm^thebody ofthe 
calcaneum, while the astragalus remains fixed on the tibia, 
is, therefore, to push forward the outer side of the foot, 
and to point the toes inward. And the effect of lowering 
the body of the calcaneum, while the astragalus remains 
stationary, is to depress the outer border of the foot, and 
to give the sole a direction obliquely downward and 
inward. To this latter effect the i/nwoA'd motion of the 
anterior extremity of the calcaneum slightly contributes. 

The astragalo- scaphoid and calcaneo-cuboid joints are 
nearly on a line with each other, and their motions are 
always simultaneously performed. They may, therefore, 
both be examined at once, as 
forming a double articulation, by a/ 

which the anterior and posterior /^' ^ 

moieties of the tarsus are moveably 
jointed together. The oval, convex 
head of the astragalus, and the 
sinuously concave anterior surface 
of the (»Jcaneum, are represented '^ t/ 

respectively at A and B, m the an- 
nexed diagram (taken, as the student will observe, from 
the left ^t). The concavity of t»b& <ia^Mw\^\aii xss^^k^ 
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BentB a stallow groove, mrming obliquely downward aad 
inward, in tbe direction h b, parallel to the long diameter 
o a of the head of the aatragalna. The ecaphoid bone 
deacenda obliquely inward npon the head of the astra- 
galus, in the direction of its long diameter, a a. Ths 
cuboid performa a, parallel movement on the calcanenot 
— gliding in the direction 6 6 of its shallow groove. 
But the cuboid descends further than the scaphoidi 
whence it follows that the latter bone execntea a. roto- 
toru movemeut on the head of the aatrBigaluH, in ad- 
dition to its descent, or flexion, thereon. Further, tika 
head of the aatragalua being convex, inclines obliqiu^ 
backward below ita centre, bo that the ecaplioid, m 
deaconding upon it, also recedes a little. The eSect of llio 
obHque descent of the ecaphoid bone, and of ita recessloii. 
is to increase the convexity of the antero-poaterior arch 
of the foot, and to point the toes inward. The rotatorf 
motion occasioned by the cuboid deacending further than 
the scaphoid bone, has for its effect to depresa the outer 
and to raise the inner border of the foot ; ao that the aole 
ia tnmed obUqaely inward. 

When these movements of the two last-described jointa 
are performed concurrently with those of the astragalo- 
oalcauean articulation, the poature of the foot undergoes 
a considerable change. The toes move inward from their 
median position, describing an arc of about 35 degrees. 
»nd the outer border of the foot is brought into a plane 
abont an inch and a-half below the level of the umer 
border. The opposite movements restore the foot to ita 
median position ; and may be coatinned farther, bo aa to 
turn the toea and the plantar snrface outward. This 
action, however, ia less eitensive than tbe former. The 
outward range of the toea does not exceed ten degrees, and 
the elevation of the outer border is small in proportion. 

3'/4. Having thus examined the more extensive motions 
of the tarsus, we may next consider the obacure, but not 
less important movements upon which (so far as the bones 
are concerned) the primary and easeutial quality of this 
region, viz., its elasticity, depends. To facihtate this 
analjais, which has not hitherto been attempted br 
anatomists, I have made use of the method previonslj 
employed in determining the complicated motiooa of the 
carpal bones ; (280) a method which consists in tracing 
the courae and distribution of concuasious transmittM 
^ong each of the five terminBl wjlamna at tko limb. 
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When we aligbt, in jumping, upon the acterioi es- 
tremitj of the pedal arch, part ot the force of impact 
bends the anlcle-ioint, depreaHes the heel, and tells npon 
the mnHcles of the calf, which yield to it in the manner 
of a spring, white another portion, which increases as the 
foot is pointed more directly downward during the cod- 
CDssion, ^seB longitudinallj through the tarsne to the 
tibia. It IB with this latter portion that we are at present 
concerned ; and its distTibation will be readilv nnderatood 
br the aid oi the subjoined diagram, nhicQ represents 
the tarsns and the posterior part of the metatarsna, as 
seen from above. AA ie the calcaneam, B the cnbotd, 
the astragslns, B the 
scaphoid, E, F, and G, the 
internal, middle, and ex- 
ternal Cuneiform bonea ; 
while the figures 1, 2, 3, 
4, 5 are placed each nfron 
thej metatarsal bone of 
which it ia the nume- 
rical appellation. The 
arrows t, m, n, o, and p, 
Bhow the direction m 
which the force arrives ; 
and the smaller arrows, 
bb.ce,dd,ee,ff.ii,kk, 
indicate its subsequent I 
distribntion. ' 

The three cuneiform 
bones {BFO), run ob- 
liquely forward and out- 
ward from the scaphoid 
bone 1 while the three 
first metatarsal bones 
(1, 2, 3). which they re- 
spectiTdy support, run 
Obliquely forward and 
Mtioord. Thus each cu- 
neiform bone forms, with 
the corresponding meta- 
tarsal bone, an obtuse angle having its apex directed ontr- 
ward. From this arrangement it reaolts, that concussion 
transmitted through the first metatarsal to the internal 
cuneiform bone, is divided in the maimer indicated by the 
arrows bb, e, portion passing on. \a Voa vnn'^ai^i. K^-^ 
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■while the remainder tells obliqnely upon the middle cmid- 
form bone {F). A sbouk paasiag through the second 
metatarsal bone (2), ia divided, first, between the middls 
and external cuneiform bones (F and 0), as shown by ihe 
arrows c c, and again between the scaphoid and external 
cuneiform bonea {D and G), as represented by the turowB 
d d. In like manner, the force of a blow npon the thbd 
metatarBal bono is divided, first between the external 
cuneiform and fourth metatarsal bones (0 and S), at 
shown by the arrows ee, and again between the aoaphtad 
and caboid bones (D and B), in the manner reprsBent^ 
by the arrows//. 

Thus, longitudinal concussion of the first three meta- 
tarsal bonea is partially converted, in the tarsus, into a 
lateral force, tending to thrust outward the cuboid bone. 
And it is, I think, for the more efiectual resistance of Uiia 
pressure, that the base of that pyramidal bone is tamed 
mwarda toward the cuneiform bones, instead of appeal* 
ingabove on the convex surface of the tarsus. 

That jKirtion of the force of impact which passes from 
the cuneiform bones to the scaphoid, proceeds thenoe 
through the astragalus (G 0) to the tibia. In its progreM 
through the tarsus, it traverses a bend formed by the 
obliquity in opposite directions of the cuneiform, bones 
and the neck of the astragalua. This bend would be 
angular if the head of the astragalus were brought im- 
mediately into contact with the cuneiform bones ; by tho 
interposition of the scaphoid bone it is rounded into a 
gradual curve, the convexity of which is turned inward, 
as shown in the diagram by the lines a a, a' a', and a" a". 
This curve yields beneath concussion, its convexity in- 
creaaing danng the passage of the force, and beinv re- 
atored mimediately ^terwarda (by the action of theTiffi^. 
ments and tendons) to ita previous condition. 

This curvilinear arrangement of the inner division of 
the tarsus is analogous ia its effects to the double inclina- 
tion of the scaphoid bone in the corresponding division t^ 
the carpus, and susceptible (as I shall presently endeavour 
to show) of a similar explanation. 

The outer division of the tarsus presents a, more mas- 
sive structure, less elastic, but in an equivalent degree 
more rigid than the inner. The two bones of whi<di it 
consists are large, and placed nearly in a right line with 
each other, as shown in the diagram by the lines gg and 
A A, representing reapecUvelg tiio lsm^vt\\dinal axis of ti^ 
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caJcanenin and cnboid bones. Shocks transmitted along 
the fourth and fifth metatarsal bones, which this division 
of the tarsus supports, pass almost directly through the 
cuboid to the asiicaneum ; the only distribution of their 
force being that which takes place at the oblique cubo- 
metatarsal articulation (see the arrow heads ii and kk). 

The explanation of this difference in the mechanical 
construction of the opposite sides of the tarsus is ob- 
vious. It is upon the ball of the great toe and the 
adjacent portions of the sole that we usually alight in 
jumping and similar actions : it is therefore by the inner 
division of the tarsus that the most numerous and most 
violent concussions are sustained, and that elasticity is 
chiefly req^uired. Hence the advantage of its numerous 
obliquely-jointed bones, and its <ywrvilmear arrangement. 
The outer division, on the other hand, acts principally as 
a lever stretching backward from the metateursus, beneath 
the astragalus, to receive the insertion of the great ten- 
don of the heel. To this purpose it is adapted by its 
comparative rigidity, and b}^ the almost rectilinea/r dis- 
position of its bones ; while its inferior elasticity involves 
no additional liability to fracture, first, for the reason^ 
already mentioned, that this side of the tarsus receives 
fewer and less violent concussions than the other; 
secondly, because it does not, like the inner division, ar- 
ticulate directly with the tibia. 

Thus, then (to recapitulate these facts), we find in the 
tarsus three distinct curvatures: one in the antero- 
posterior vertical plane^ another in the transverse vertical 
plane, a third in the horizontal ^lane. The two vertical 
curvatures present their convexities upward, and serve 
the double purpose of increasing the strength and elas- 
ticity of the tarsus in the vertical sense, and of forming 
a plantar excavation, in which the nerves, vessels, and 
muscles of the sole are lodged in security from pressure. 
The horizontal curvature is confined to the inner side of 
the tarsus, its convexity is directed inward, and its use is 
to promote the hmgitvdvnal eliasticity of that part of the 
region in which it occurs. Though it has hitherto escaped 
the attention of anatomists, I regard it as a feature of 
essential importance in the mechanical construction of 
this region ; and its existence in strong contrast with the 
nectilinearity of the outer side of the tarsus has suggested 
the longitadinal division adopted in the foregoing descrip- 
tions. And I would propose this ^Iasi c»i ^^<s&:^^s^%^§s^ 
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tarsal bones, for general use, as preferable to the old 
diviflion into two tranaTeree ranges like the horizontal 
rowa of the carpuB, becanae this latter method, tliongh 
sanctioned by high authority, has the inconTenience of 
leaving the acaphoid bone to be aasigned to the anterior 
or to the posterior row, or to he taken aeparately as the 
yeatige of a ihird range immediate between tne otlwr 
two, according to the partionlar views of individual tutato- 
miata. 

375. The strength of the taraos, taken to imply its 
power of sustaining concnasion without mpture of the 
arch, or dislocation of its soTeral parts, depends partly on 
the proviaions for elaaticity already described, partly upon 
the tenacity and saitahle arrangement of the tarsal li^- 
menta ; concerning which I shall have some obaervatioiw 
to offer on another occasion. Its Birenijih, coiiBidered 
with reference to the resistance which each particnlar 
bone is capable of offering to direct preaaure, depend* 
chiefly npon the diatribation of the cancelloua tisane, 
which Bonrgery has very accurately described and figured 
[Anatomie de I'Homme, torn. i. p. 129, pi. 43). He hat 
shown that the direction of the principal fibres of the 
cancellous tissue in these hones is by no means indeter- 
minate, but has a uniform relation to the nature and 
direction of the strain which each is required to eapport. 
Thns, for example, a vertical section of the calcanenm 
from eod to end eibibita the principal fibres radiatii^ 
from the aatragalar articulating surface — aome horizon- 
tally backward to receive the transverse strain of the 
great ertensors of the foot, — a considerable nnmbet 
obliquely downward and backward, to transmit, tbroogli 
the tubercles of the heel to the ground, the preasare re- 
ceived from the astragalns, while a third set run forward, 
diverging from each othor as they advance, to strengthen 
the greater process. Aa, however, this bone is auhject to 
no directly vertical pressure, nor to any strain which 
directly vertical fibrea would help to reaist, so we find no 
such fibre9 in the cancellons structure, but in their place 
(between the fibres that deaoend obliquely backward ••t^A 
thoae which descend obliquely /onowfl) an empty triangu- 
lar interval. The same economical distribution of matermla 
ia observed in all the tarsal bones ; and it accounts for the 
great resiating power which they possess in proportion to 
their weight. 
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376. The metatarsuB presents a series of five bones, of 
the cylindrical class, separated by four interosseous 
spaces. The bones diverge a little from each other at 
their anterior extremities, which rest upon the ground 
and articulate with the toes; they are elevated at an 
angle of from 25 to 30 degrees posteriorly, where they 
articulate with each other and with the tarsus. Like the 
corresponding bones in the hand, they are distinguished 
by numerical appellations, as the first, second, third, fourth, 
and fifth, counting from within outward. The interos- 
seous spaces (which are numbered in the same manner) 
diminish in extent from the first to the fourth. They 
lodge several small muscles, of the same name, arranged 
in a dorsal and a plantar series. 

COMMON CHABACTEBS OE THE METATABSAL BONES. 

377. The posterior extremity of each metatarsal bone 
is wed^e-shaped,* and offers a terminal surface, smooth 
for articulation with the tarsus ; a dorsal and a planta/r 
aspect, rough for the attachment of ligaments, and two 
latei'al aspects, presenting smooth cartilaginous facets,t 
and rough ligamentous impressions, for articulation with 
contiguous bones. The anterior extremity, or head, has 
a terminal articular convexity, received into the cup- 
like depression of the corresponding phalanx; and ex- 
tending further backward below than above ; two lateral 
aspects, each presenting a depression, surmounted by a 
tw)eTcle for the attachment ot ligaments : a superior as- 
pect marked with a transverse groove also for ligamentous 
insertion; and an inferior aspect presenting in the 
middle a small semilunar depression, which corresponds 
to the flexor tendon, and is bounded on each side by a 
small articular eminence, continuous with, and prolonged 
backward from, the terminal convexity. Tliese elevations, 
of which the external is the more prominent, may be 
called, to fiEudlitate reference, the condyloid emvnences of 
the head. The shaft is curved longitudinally, so as to 
present a convexity upward — a concavity on the plantar 



* Except that of the fourth, which is cnboidal. 
f Except tiie flnt, which has no lateral articular facets ; and thA 
fifth, which has none on the outer Bidd« 



r 
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BHpect; it tapers gradually from the tarsal _, .. 

the head. In the metatarsal bones of the great and 
little toe, or first and fifth of the serieB, it is always d* 
tinctly prismatic. In the three intervening bones ito 
form, though usually prismatic, varies considerably a 
different subjects, being sometimes almost cjlindrioli 
sometimes transversely flattened so as to present a men 
border above and below. 

SLFFESXNTIAL CHAIIACTESS Of THE UETATABSAIi BOSK. 

S78. The metatarsal bones differ from each other h 
size. The second is the longest of the series ; the tliiid, 
fourth, and fifth follow in succession ; the first IB ti* 
eh-ortetit of all. Oa the other hand, the first is grea^ 
snperior in breadth and thickness to all the rest, and, ni 
point of weight, nearly equals any other two of tlM 
series. The dorsal aspect of^ the first metatarsal bone ii 
directed upward and tnivard ; the corresponding snrfaCM 
of the other bonea, look upward and outward, and ^ 
obliquity of their inchnation increases from the aeoond 
to the fifth. The three middle metatarsal hones difEer 
little in form ; the first and fifth are distinguished 
by several peciUiarities from them, and from each other. 

379. First METATiBSAi bone. The tarsal estremity d 
thia bone is distinguished by the absence of latenl 
articulate facets ; ita terminal Bnrface is semilunar, or 
kidney- shaped, for articulation with the internal cuno- 
form bone ; it looks backward, upward, and outicari 
(whereas the corresponding surface of the other fool 
bones ia directed backward and upward, and more or le« 
imwa/rd). The circumference of this extremity is maikei 
with a groove for the attachment of Ugamenta.* Iti 
inferior angle is prolonged downward and outwud. 
forming a rough tuberosity for the insertion of a tendoo-t 
Its outer side ^ivcs origin to part of a small tnnsdfti 
The head of this bone is remarkable for its breadth, and 
presents, underneath, a median smooth ridge, separAtiDg 
two lateral depreeniowi which glide on the sesamoid bona 
of the great toe. The shaft is very strong, and its priamatM 
form well marked. Its dweal surface is smooth, oonvei. 
sobcntaneous, and directed obliquely upward and inwarlj 

IH longUB. 
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its plcmfar aspect is concave longitudinally, plane trans- 
versely, wide and directed obliquely inward behind, nar- 
rower and directed downward in front, while in its whole 
length it is covered by a muscle and a tendon.* Lastly, 
its 'external surface is concave longitudinally, plane in tne 
opposite direction, much wider behind than oefore, and 
covered by a muscle,t to the fibres of which, however, it 
does not give origin. Of the borders by which these sur- 
faces are separated, the external (also mferior) extends 
from the tuberosity of the tarsal extremity to the outer 
condyloid eminence of the head ; the superior runs from 
the upper ancle of the tarsal extremity to the external 
lateral tubercle of the head, and the mtemal passes from 
the inner angle of the tarsal extremity to the inner 
condyloid emmence of the head. The course of these 
borders alon^ the shaft requires no particular notice. They 
are all prominent. The external is deeply concave ; the 
superior corresponds in the recent subject to a tendon.J 

§80. Second metataksal bone. The superior length of 
this bone depends chiefly upon its prolongation (back- 
ward into the cuneiform recess of the tarsus. Its tarsal 
extremity is wide above, narrow and tubercular below. 
The terminal surface of this extremity is smooth and 
triangular for articulation with the middle cuneiform 
bone. Its inner side presents, at its upper part, a smooth 
facet for articulatiou with the intenml cuneiform bone, 
and, inf eriorly, a rough space for ligamentous attachment. 
Its otUer side presents a superior and an inferior articular 
sur^EU^, separated by a Vough li^mentous depression, 
and each subdivided by a vertical elevation into an 
anterior and a posterior facet. Of the four facets thus 
formed, the two anterior are directed outward and 
forward, to articulate with the third metatarsal bone: 
the two posterior (which are sometimes joined together 
80 as to form a vertical linear surface) look outward and 
ha^kwa/rd to articulate with the external cuneiform bone. 
The Jiead agrees, in every particular, with the common 
descrii>tion already given. It is more or less flattened 
from side to side, so that its vertical exceeds its trans- 
verse diameter. Its lateral tubercles are prominent, and 
its upper surface presents a tramsverse ridge for liga- 
mentous attachment. The shaft of this bone, in well- 

* Flexor brevis pollicis, and tendon of the flexor longus polliois. 
t First dorsal interosaeoufl. % BxtenaQtc ^xn'gdn&'^j^^sia^ 
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marked specimens, presents an inferior and two lateral 
Unea, separating a saperior and two lateral surfoftL 
The lateral lilies commence, pOBteriorly, one on each eide 
of the dorsal aspect of the tarsal oittremity ; approach oi 
another as they advance ; and diverge again, near tl. 
head, to terminate each at the correepoiidmg lateral 
tubercle. The vaferior line commences at the lower 
horder of tile tarsal eitremitj, mns along the shaft) 
keeping to the outer side of its median line, and bif ureatei 
in front to terminate at the two condyloid eminences on 
the under surface of the head. From tlie cjourae of theae 
lines the shape of the intervening surfaces may be in- 
ferred. Ike aiiperior surface ia narrow in the middle, 
where the lines approach each other, and expands a httle 
at each extremity in consequence of their divergence. 
It loots upward and a little outward, and corresponds to 
the second extensor tendon. The lateral Burfaees an 
separated above by the width of the aspect just described, 
but they meet below at the inferior border. Aa thia 
border lies to the outer eide of the median line of tba 
shaft, the internal lateral snrface ejrt^ends further round 
the bone, inferiorly, than the external. (Hie lower part 
of the internal snrface, indeed, looks bo much dowuwaid 
that it is Gometimes described separately as a plunlar 
aspect.) By its lateral snrfaces, and by the under : 
of its tarsal extremity and of its head, this bone g: 
partial attachment to three muscles.* 

381. Third METiTAHSAi. bone. The tarsal extremitv of 
the bone articulates, by a triangular terminal si^ace 
with the external cnneiiorm bone, by two facets on its 
inner side with the second metatarsal bone, and by a 
single facet on its outer side with the third tnetatarul 
bone. The eha^i and fiead exactly resemble those of the 
bone just described. It gives partial attachment to £ve 

• The InUmal Utenil Burfsce givcBorigin hi tbe outer Sbras of 
the first dursBl interoBseoua, and the exterusl Literal aurfsce to tha 

nity ; and ■ faai 

t of the hsad. 

t By itB l»ter»l Burfacea to tho onler fibres of the Hecood, and 
Inner fibres of the third, dorsal interoEBeoUB muscle; by tfae nuder 
4Bpect o{ its tarsal eitremitj- to the first plantar interoaHeons mosol^ 
(ud a few fibres of the abdactor obliquns poltidsj by thn nmlw 
upect ol ite head to a alipof ths tranaversas psdls. 
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382. Fourth metatabsal bone. Closely resembles the 
two preceding ones, except at its ta/real extremity, whicli 
is 01 a cnboidal form, and presents, yoeteriorly, a quadri- 
lateral surface for articulation with the cuboid bone — on 
the mner side a smooth surface, divided into an anterior 
facet which articulates with the third metatarsal bone, 
and a 'posterior narrower facet, which articulates with the 
external cuneiform, — and lastly, on the outer side, another 
facet for articulation with the fifth metatarsal bone. It 
gives partial attachment to five muscles.* 

383. Fifth metatarsal bone. The tarsal extremity of 
this bone articulates, behind, by a triangular obhque 
surface, with the cuboid bone, and vntemally, by a flat 
facet, with the fourth metatarsal bone. Its outer side 
presents a tubercular prolongation, called the tuberosity 
of the fifth metatarsal bone, which gives insertion to two 
tendons.f Its upper and lower sunaces are remarkably 
wide. The shaft of this bone is very wide posteriorly, but 
tapers and curves outward as it approaches the head. 
Instead of being flattened transversely, like the three 
preceding bones, it is flattened from above downward ; so 
that, whereas they present wide lateral surfaces, and a 
prominent border, on the plamtar aspect — this bone, on 
the contrary, presents wide surfaces above and below, and 
a prominent border on the outer side. The head is turned 
somewhat outward, in consequence of the curvature of 
the shaft, and has an irregular tubercular appearance. 
This bone gives partial attachment to six musdes.;]; 



* By its lateral surfaces to the outer fibres of the third, and the 
inner fibres of the fourth dorsal interosseous ; by the under surface 
of its tarsal extremity, to the second plantar interosseous, to a ten- 
dinous slip of the third dorsal interosseous, and to a few fibres of 
the abductor obhquus poUicis; and by the under surface of its 
head, to a fasciculus of the transversus pedis. 

t To the peroneus brevis, and below that to a slip of the ab- 
ductor nfiinimi digiti. 

X By its internal surface, to the outer fibres of title fourth dorsal 
interosseous muscle ; by the under surface of the tarsal extremity, 
to a few fibres of the flexor brevis minimi di^ti, to the third plantar 
interosseous muscle, and to a tendinous slip of the fourth aorsal ; 
by the tuberosity, to the peroneus brevis, and to a slip of the ab- 
ductor minimi digiti ; and, by the head, to a fasciculus of the trans- 
verse pedis. 
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884. The five bones that have now been described ixm- 
pose a quadrilateral region, rather wider before tiim 
behind, couves transverHely, and more sliglitly ao intk 
longitudinal sense aleo, ahove ; concave, in both directions, 
beloio. Of its borders, the internal, formed by the first 
metataraal hone, is thiclc and straight ; the ejitentd, 
formed by the tifth metatarsal bone, is thin and concate; 
the anterior, represented by the liae of heads, ia convei : 
the poalerior preaenting tie range of tarsal extremities, 
is rendered aneven by the projections of the second, 
fourtli, and fifth bonea, beyond the line of the first and 
third. The mechanism of the metatarsus is very aimplo. 
The tarso- metatarsal and intermetatarsal articulations 
are gliding joints, the motions of which, though limit«<] 
by strong dorsal, plantar, and interosseous ligfunentc, 
give considerable fleiibUity to this region, enabhng it to 
mould and adapt iteelf to the inequalities of the aurfaos 
on which it rests. The mutual interlocking of these 
joittta tends evidently to secure the bones, both of the 
tarsus and of the metatarsus, from lateral displaceniKit 
The great strength of the first metatarsal bone it 
explained by the fact, already pointed out, that con- 
cusaions are usually received by the ball of the foot, and 
pass along its inner aide to the tibia. And lastly, the 
concarity of the under surface of this region, logeUwt 
with the similar excavation of the tarsus, affords roomfiv 
the secure lodgment of the plantar nerves and vessel). 
Stbcctuee. Resembles, on a reduced scale, that of the 
hnmerua, and other large bones of the c;^hndrical claw. 
Development. By two points of osaification, one for the 
body, the other for the head, with the exception only of 
the first metatarsal bone, which (Uke the correspoujjng 
bone of the metacarpus) has the second ossific point at 
its fafgal extremity — a character by which, as we abnll 
presently find, it is assimilated to the phalanges. 

at THE PHAUVNGES. 

385. The phalanges of the foot resemble, in nnmber 
and general arrangement, the corresponding bonos of the 
hand, already described. The toea, lite the fingers, an 
five in nnmber, each consisting of three phalanges, with 
the exception only of the great toe, in which the middk 
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phalanx is deficient, and the first artictdates immediately 
with the third. ITius, viewed collectively, the toes pre- 
sent a series of fourteen phalanges, disposed in three rows, 
of which the first and third contain five bones each, the 
second only four. The phalanges of each of these 
rows exactly resemble those of the corresponding range 
in the hand — with the exception of certain modifications 
of form, depending evidently upon imperfect development. 
Thus, the two phalanges of the great toe, which are large 
and fully developed, are exact repetitions of the two 
phalanges of the thumb; and between the remaining 
fingers and toes the only notable difference is, that these 
latter are of comparatively diminutive size — their first 
phalanges disproportionately slender— their second and 
third phalaDges mere rudimentary nodules of bone, such 
as either phalanx of a finger would appear, if its shaft 
were deficient, and its two extremities joined together. 
"We shall, therefore, to avoid unnecessary repetition, refer 
the student, for further information concerning these 
bones, to paragraphs 303 — 8 inclusive : wherein are 
described, first, the common characters of all the pha- 
langes, and, secondly, the particular characters of each 
row.* As to the precise identification of individual 
phalanges, they are only distinguished among their 
fellows of the same row by their relative size — which 
diminishes from the first to the last in succession. 

38tJ. Jn point of structiMre, also, these bones resemble 
those of the fingers. Their movements are of a similar 
kind, but, with one exception, more limited in range. 
The excepted movement is that of extension, which can 
be carried a little farther in the toes than in the fingers. 
They are developed by two points each, one for the body 
and one for the metatarsal extremity. That of the body 
appears early in foetal life ; that of tne terminal epiphysis 
appears, in the different phalanges, at various periods 
between the fourth and seventh year after birth. The 
union of the two parts does not take place till the seven- 



* In applying these descriptions to the foot, the student will find 
two or three verbal alterations necessary. Thus, the word meta- 
carpal must be read metatarsal^ and the word palmar plantar, &o. 
It must also be remembered that the hand hangs vertically, with its 
dorsum looking backward ; whereas the foot rests in a horizontal 
position, with the toes pointed forward, and the dorsal surface 
directed upward. 
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tceotli OT eighteenth year. All the phalanges give attaeb 
ment to mascles ;* those of the great and little toe hm 
special mofcors. Their age in the mecliaiuam of the lower 
extremity seems to be iacosBiderable, and is evideiitl; 
diminished bj the cnstoia of wearing uhoea. However, 
when, their ajition is nnimpeded, they extend the anrtaM 
for the support of the leg, and by grasping the little in- 
equalities with whicli they meet, give it a firmer hold 
npon. the soil. They continue to the latest moment the 
preHsnre of the backward foot against the ground, in the 
Tarions actions of progreesion. They also increase tiie 
elasticity of this region when opposed, as a, spring, to 
ooQOUSSion i and, when the body mclinee too much for- 
wa,rd, assist in Testoring its equilibrium, and preventiiig 
its fall. 



387. The general configuration of the foot Las bees 
noticed in the introductory paragraph, of the foregoing 
description (353) ; and the strength, mobility, and elasti- 
city of its structure, so far as they depend on the arrange- 
ment of the bones, have been fully eiplained inuie 
paragraphs on the mechanism of its several regiona 
(370—5, 384, 386). Its uses as an organ of enppoit and 
locomotion have also been noticed incidentally ; and iti 
analogies to the hand, which we have already referred to 
in general terms, will bo more exactly analysed in t^ 
following chapter, 

388. I have observed a carious fact respecting tit; 



■ The Httooliment of these musdes »ro as follow 

ThB srtenior iungKs digilirrum is attached to the dorsal anrtac 
the second and third phalanges of the last four toes. The ectnucr 
brevli dlgUoram is attai^hed to the dnreal eurfsue of tho Grst phalanx 
of the great toe, aod of the third pbalan^s of the secoDd, third, luid 
tonrth loes. The extentor proprint polildi la InaertBd into th* 
dorsal surfiwe of the terminal phalani of tbo great toe. Flexan. 
The jkxnr loiigmdigitonim Is ioBerted iota the plantar surfaoeot 
the terminal phalaoz of the last four toes. The Jkxpr brmit d^ 
(orun> is inserted into the lateral border of the second phalaagiea tl 
the fonr kst toes. The Jlexor bmit pollidt is iDSerted into tha 
plantar surface of the terminal phalanx of the great Iaib. The ad- 
duOor and the two (abdndori oblige and Iraniianf) of the great loa 
are attached respectively to the inner and outer side of its ttr»t pha- 
lanx, which also gives insertion underneath (by the iDtervanUon o( 
the sesamoid bones and capsnlar ligament of the melatsraa-phali^ 
goal joiut) to the ^xnr bretils pollidi. A special oMuctor and Jhaav 
are uso attached to Uie fiial phalanx ol the little loe. 
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course of tlie mednllary canals in tlie liand and foot, 
which, as it tends more closely to assimilate the two 
organs, and may throw Hght npon a disputed point con- 
cerning the analogies of certain of their bones, deserves 
a brief mention in this place. The mednllary foramen of 
the first metatarsal bone enters the shaft obliquely to- 
wards its phalcmgeal extremity; whereas in the other 
four metatarsal bones it runs in the opposite direction, i.e. 
towards the tarsal extremity. An exactly similar diffe- 
rence in direction is observed between the medullary fora- 
mina of the first, and four succeeding bones of the meta- 
carpal region of the hand. In the phalanges, both of the 
hands and feet, the medullary foramen, when it exists, 
runs in the same direction as tnat of the first metacaipal 
(or metatarsal) bone, viz., towards the cUstal extremity. 
Thus a new analoev is established between the bones that 
Bupport the thami and the great toe on the one hand, 
and the phalanges on the other. And the constant 
and exact correspondence of the hand and foot in this 
particular is rendered the more remarkable by the fact 
that an equaUy constant difference exists between the two 
limbs with respect to the course of the medullary fora- 
mina in their remaining cylindrical bones — ^those of the 
humerus, radius, and uma, all runnin£[ towa/rds the elbow, 
while those of the femur, tibia, and fibula, all run from 
the knee. The reader will find a circumstance of a similar 
nature recorded at note ^, page 138 supra, with respect to 
the nutrient foramina of the ribs; and the questions, 
appended to that note, concerning tke purpose and mean- 
ing of the arrangement therein described, apply with 
ec[ual force to the perplexing facts at present under re- 
view. The whole subject is extremely interesting, and its 
investigation might throw light on the analogies of the 
bones, and on the laws of their development and nutrition. 
The first and principal object of such an inquiry should 
be, to discover whetner the course of the nutrient canals 
bears any constant relation to the form or structure of 
the bones, to their mode of development, or to any other 
determinate circumstance. 

0? THE SESAMOID BONES. 

388*. These are little rounded nodules, cartilaginous- in 
childhood, bony in the adult, occurring in the substanci^ 
of certain tenoons, at points whence ^;^i<^3 QicsiQA\s^.c^^n^^^M^ 

y ^ 
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with, the bones. They are obaerveEl in various regiona of 
the upper and loner eitreinitieB, hnt chiefly in the bandl 
and feet. Thej are enveloped in fibrous tissue on all aid« 
but one, which ie more or \esB flattened, and preeente ft 
free articnlaT facet. They increane in nninber witli ad- 
vaaciuK a^e, and are said to be more uumeronB in tba 
male than in the female, and in vigorous and active indi- 
viduals than in the feeble and comparatively inert. Thej 
may b« divided into two claeses ; first, tbose which rert 
on the articular extremities of bones, and enter into the com- 
prsitioa of joi»f«,- and, Becondly, those which axe ccm- 
tiguouB to cartila^finons facets on the tubercular apophyan 
of bones. The sesamoid bones of both classes serve tO 
improve the leverage of the tendons in which they oocnri 
by increasing their angle of insertion. Those of thejW 
ChiSB also equalize the distribution of external pressurt OB 
the convexities with wliicli they articolate, and present 
a surface on which glidhig movmrumla of considerable ex- 
tent are performed. Those of the second claas. on tba 
contrary, are not subject to eitemol pressare, noi to 
gbding movements of any notable extent. Indeed, they 
are not found at the places where the tendons rub mott 
againiit the bones (as for instance, behind the malleoli), 
bat at points near their insertions, where friction, if ft 
occur at all, is reduced to a minimum. For this reason, I 
dissent from M, Bonrgery's opinion that these bouea an 
developed in the tendons and ligaments, " doTia lout In 
j)Oiji(< ou tin exercent dee frottentens duns ewr lea os." 

389. SKBAUum eunes of tub joikts. Of these, in tin 
foot, two are constantly observed beneath the metatarao- 
phalangeal joint of the great toe, and another (sometiiiM 
two) of much smaller size, at its inter-phalanf^eal joint. 
One is sometimes found at the metatartio- phalangeal 
joint of the second toe; another, more rarely, at that of the 
little toe; and, still less frequently, rndiments of a similai 
development occur iu the fibrous tissue beneath the thini I 
and fourth metatarso- phalangeal articulations. The two 
first are the most important. They are elongat«d and 
curved so as to fit the grooves on the head of the first ' 
metatarsal bone, which glides smoothly upon them. Thej 
are enveloped in a mass of fibrous tissue, formed partly bj 
the capsule of the joint, partly by several small tendons.' 

* The two teudoDB of the flexor brevis pollicia, and that of tlw 
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In tlie liand a similar arrangement is observed. There 
are always two sesamoid bones on the palmar side of the 
metacarpo-phalangeal joint of the thnmb, and sometimes 
one of smaller size at its inter-phalangeal articulation. 
One or two are occasionally observed at the metacarpo- 
phalangeal joint of the fore-finger ; another at that of 
the little finger ; and others, more rarely still, at the cor- 
resjponding articulations of the middle and ring fingers. 

The patella, considered with reference to the ereat ex- 
tensor tendon of the leg, resembles the sesamoid Dones of 
this class ; but, viewed in its relation te the tibia, it is 
evidently analogous te the olecranon process of the uln^. 
It may, therefore, be regarded as a bone of intermediate 
character, establishing a transition between the sesamoid 
bones on the one hand, and the epiphyses of the long 
bones on the other. This view of its analogies is con- 
firmed by the fact, that the olecranon process sometimes 
continues through life a separate bone, connected with 
the shaft of the ulna only by a fibrous band obviously re- 
sembling the ligamentum patellsB.; a variety of which 
Bosenmiiller has recorded an example, (261) 

390. Sesamoid bones op the apophyses. Of these, one 
is observed, resting on the tuberosity of the cuboid bone, 
in a tendon* that lies in ite oblique groove; another 
appears, in old age, opposed te a smooth facet of the in- 
ternal cuneiform bone (o04), in the substance of a tendonf 
to which that bone gives insertion ; and a third is usually 
found at the inner side of the astragalus, in a tendon^ 
which Dasses forward to reach the tuberosity of the 
scaphoia bone. To this class of sesamoid bones may also 
be referred the osseo-cartilaginous thickenings whicn are 
^occasionally found, in old subjects, opposite the tuberosity 
of the raaius,§ the trochanter major of the femur,]| 
and at various other pointe with wmch tendons come in 
contact. 

391. STaucTURE. Of very light cancellous tissue, en- 
veloped in a thin layer of compact. Development. The 
ossincation of these bones takes place by a single point 
for each. It commences late, and is not fully completed 
till the period of adult age. 



* That of the peroneus longus. t That of the tibialis anticns. 
X That of the tibialis posticus. 
9 In the tendon of the biceps flexor cabitl« 
I In the tendon of the g|V\x\«\v!B xuBCDXssna. 




Thk Immaii Bleleton represents a coltunn, laiign 
and heavier above tlion below, and standing erect on » 
comparatively email base. On the cirumnstaiice of its iq>- 
right poBition many peculiarities of its etructure depend i 
wEile the neoesBity of keeping an elevated centre ol 
gravity within a narrow baaie of support givefl rise to 
several of its moat characteristio movemente, 

393. The contrast between the thoracic and ^vic «■ 
tremitiee in man, is, perhaps, the most obvioos and 
striking indication of his essential aptitude for the er«* 

Eoeture. The former e.re maoifeBtly organs of tact audpra- 
ension only ; the latter are, as evidently, adapted eicla- 
sively for locomotion and support. The arched and 
massive foot, resting horizontally on the ground, artion- 
lating at right angles with the leg, fumiahed with very 
small dicital appendages, but prolonged into a stnBig 
lever at the heel, is as well calculated for the baae ofa 
column of support as it ia incapable ot grasping, or per- 
forming rapid movements ; whde the hand, with, its long 
fingers, its opposed, divergent thumb, and its narrow 
carpus articolated in a right line with the bones of tlu 
forearm, is, on the contrary, a perfect tactile and prehen- 
sile organ, but altogether unsoited to anstais or propd 
the trunk, in the ordinary modes of progression. In Uie 
quadrupeds and qnadrnmana these organs present no 
such contrast, hut more or less closely resemble eack 
other; the quadrupeds being adapted for progression on 
all fours by coaTersion ot the hands into feet ,- while the 
quadramana are fitted for their climbing habits by a con- 
trary transformation of the feet into ha/nda. It maj 
further be observed upon this point that in none of the 
mammalia do the feet present bo eitenaive a surface to 
the ground as in man. In digitated quadrupeds, such 
as the dog, the carpus and tarsus are considerablj 
elevated, so that the body is supported entirely by 
the toes ; and in animals having solid hoofs, as for 
eiample, the horse, the foot assumes an almost vertical 
position, so that only the third phalanges rest upon, thit 
ground. 

fimilar contrast in. ^oaA oE. stToctara, indicatiiur a 
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corresponding diversity of function, may be traced in the 
other regions of the hmbs. The pelvis, for example, is 
a massive, rigid, hoop of bone, forming a strong fonnda- 
tion for the spine, andjresting, by deeply hollowed sockets, 
on the heads of the thigh-bones. The shoulder, on the ' 
contrary, is a light and extremely moveable apparatus, 
presenting but shallow sockets for articulation with the 
arms, which hence derive greater freedom from motion, 
but withal less security from dislocation. The bones of 
the thigh and leg are equally superior to those of the 
arm and forearm in point of bulk — equally inferior in 
point of mobility. The forearm and hand can be rotated 
on the pivot-joint of the radius to the extent of 90° in 
all positions of the limb ; whereas the rotation of the 
tibia and foot on the femur, is only possible during flexion 
of the knee, and even then, is limited to between 30° and 
40** of angular extent. Again, all the joints of the upper 
extremity bend in the same direction, so that the mnb 
forms an arched line in flexion, by which the hands are 
brought forward into a convenient position with respect 
to the range of vision, and the arms are enabled readily 
to encircle any object in their embrace. In the lower ex- 
tremity, on the other hand, the articulations bend in 
opposite directions, so as to form a zigzag line in flexion ; 
the knee-joint pointinff forward, the hip and ankle-joints 
backward; by which tne limb is better adapted to shorten 
and extend for the propulsion of the body, and to yield, 
in the manner of a twice-bent spring, to concussion ; but 
at the same time is rendered stiU more inferior, in point 
of mobility, to the upper extremity. This inferiority, 
indeed, is so marked, that whilst the sole of the foot can- 
not, by any action of the leg, be brought into contact 
with the trunk, there is, on the contrary, no spot on the 
surface of the body to which the hand may not more or 
less easily be applied, as well by its dorsal as by its palmar 
surface. 

In quadrupeds all these parts are assimilated by a 
more equal distribution of bulk, weight, and mobihty, 
between the thoracic and pelvic limbs. The scapulaa 
are so disposed that the glenoid cavities look downward ; 
and, in consequence of the absence of clavicles, and the 
narrow keel-like form of the thorax, they come into 
much closer proximity than in man; so that the 
thoracic extremities, in these animals, stand vertically 
under the forepart of the trrmk, B^uY^tMYcv^ S^a -^^ssgc^* 
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effectnally, but enjoying Httle lateral motion, Idtth. 
the jointa corresiionding in the fore-log' of qnadmneoi 
to the human elbow and wrist, as well a.B those of then 
hind leg, which answer to our knee and ankle-joints 
bend in oppOHito directions, bo as t^ take a zif^zag lini 
in flerion; and all their limba are alike deficient in 
the free rotatory action that diBtingtiiahes the forearm ij 

394. The spinal columnB of man and of the inferior 
mamnialia present differencea of form and fonctios, 
eijually BtrilinK, and not less obviously relateil to the 
difference in their habitual attitude. In quadToped* 
that portion ot the spine which extends horizontally from 
the pelvis to the root of the neck, naually forma one con- 
tinuoua elliptic arch, which, being kept bent by strong 
ligaments (as a bow ia kept bent oy the bow-atnng), and 
bearing at its extremitieB on the fore and hinder limbs, it 
well adapted to anstain the constant weight of the viscen 
that are suspended from it, as well as the occasional {vA 
often severer) pressure of burdens laid upon the baok 
In man, that portion only of the spine which enters into 
the composition of the thorax, presents a dorsal otm- 
veiity ; the Inmbar region, hke the cervical, bends in ths 
opposite direction, giving to the colninn a triple cnm- 
ture, by which it is adapted to break the force of longi- 
tudinal concuBHions consequent upoa its pcrpendiciiur 
position. In quadrupeds, again, the weight of the skull, 
tearing at right ancles ou the extremity of the horizontal 
neck, and increased, in many inBtances, by the groirth ot 
masBive horns, antlers, or tuska, requires for its sappoi^ 
that the cervical vertebree should be proportionatelj en- 
larged i that the spinous processes oi the lower cervical 
and upper dorsal vertebrffl, from which the great mttBClM 
of the neck arise, should be eiceediugly prominent, so u 
to compensate in aome measure for the dieadvantBLgeons 
poaitiou ot the weight, by rendering the application o( 
the moving power more direct; and lastly, that a strong 
elastic fibrous cord (the l!i/a/menium nachm) atioiild be 
extended from the occipnt to the prominent vertebra, in 
order to assist, in the manner of a bearing'reUi, in bracing 
up the head; in man, these provisiona are not required; 
the neck is vertical, the occipital condyles are bonzontal, 
and situated vertically under the centre of gravity of the 
head, which thus resta of itself in exact equipoise on tlu 
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snmmit of the spine.* Hence, in the human subject, the 
diminutive proportions of the vertebrsB of the neck; 
the comparative shortness, and the imbricated disposition 
of the lowest cervical, and adjacent dorsal vertebraa ; and 
the rudimentaij condition of the Ugamentvmi nuchcBt 
which is reduced to a mere fibrous slip, prolonged upward 
from the supra-spinous ligament of the back and loins. 
We have alrea^, in treating of Daubenton's angle 
(p. 101), had occasion to .point out the difference which 
exists between the human skull and the brute skull, with 
respect to the position and direction of the foramen mag- 
num and the occipital condyles. We may here mention, 
as an additional characteristic of the human skull, that 
the plane of the axes of the orbits is parallel to the 
plane of the jaw, and also, in the erect attitude, to the 
plane of the horizon; a disposition which affords to 
vision a free horizontal range in the upright posture 
of the head, but which would evidently have the effect 
of directing the eyes vertically downwards, and so pre- 
venting horizontal vision, if the head were carried in 
the posture natural to quadrupeds. In these latter, 
accordingly, no such parallelism is observed, the plane 
of the orbit forms an angle with that of the jaw ; which, 
in its turn, is more or less inclined to the plane of the 
horizon. 

395. The basis on which the human frame stands is a 
space, bounded laterally by the outer ed^es of the soles of 
the feet ; behind by a line extending From heel to heel, 
and in front by a similar line joining the toes. 

396. The centre of gravity, m the erect attitude, must 
lie somewhere in the median plane of the body. It must 
also lie somewhere in the transverse vertical plane 
passing through the centres of the heads of the thigh- 
bones, on which the trunk is balanced. It must, there- 
fore, lie somewhere in the vertical line in which these two 
planes intersect each other. To find the position of this 
tine of intersection, Weber first ascertained, by a pair of 
plumb-lines, let fall, one on each side of an erect living 



* The prepbnderance of the anterior segment of the macerated 
skull deoends chiefly on the uncompensated weight of the lower 
jaw. Weber found that a recent head with its encephalon and in- 
teguments complete, would stand in equilibrium on its condyles 
Alone, when the face was directed forward and slightly upward. 
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man, oppoaite the middle of the trochanter major, 1^ 
points on the outer surface of the body whieli the above- 
mentioned tranaverae plane would intersect. These ha 
fonnd to be oppoaite the mastoid processes above, and the 
centres of the knee and ankle-joints below. By sobseqoeil 
obHervation of a skeleton, he found that a plane mte^ 
secting these points would also intersect both ends of tin 
spine, passing, at the npjier extremity of the colanm, 
through the atlanto-occipital joint, and at its lawet 
extremity through the aacro-lumbar articulation. But 
the spinal column is bisected in ita whole length bj tie 
median plane; so that the required lino of intersection, 
containing the centre of gravity, passes vertically through 
both the above-mentioned joints, and falls below between 
the feet. Thus much having been determined, it odIj 
remained tc ascertain the horizontal plane of the centre 
of gravity ; for which purpose Webm balanced a plank 
across a horizontal edge, stretched on this plauk the bod^ 
of a hving man, and brought the whole mass to eqnih- 
brinm (employing, to neatralize errors, tbe well-known 
method of donble-wei^hin^). It being now certain, accord- 
ing to the laws of equilibrium, that the centre of gravity 
lay directly over the line of support, the distance of ita 
horizontal plane below the vertei was found by measur- 
ing, on the edge of the plank, the distance from the line 
oisupport to a Jne let fall from the vertei. This distance, 
enhtracted from the total length of the body, gave the 
distance of the centre of gravity above the soles of the 
feet ; and by subtracting from this again, first, the height 
of the transverse axis of the hip-jomts, and afterwiudia 
that of the promontory of the sacrum, the height of the 
centre of graviW above those two points respectively wac 
ascertained. The following Table eihibits the resiJta of 
these measurementH in millimetres ; which I have rednoed) 
for the convenience of the EngUsh reader, into i 
and decimal parts of an inch. 
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POSITION OP THE CENTRE OP GUAVITT WITH RESPECT TO 
THE VERTICAL DIMENSIONS OP THE BODY. 



\ 


Millimet. 


Inches. 


Total length of the body . . 


1669-2 


65-30853 


Distance of the centre of gra- 






vity below the vertex . • 


721-5 


28-406455 


Distance above the sole . . 


947-7 


37-310949 


Distance above the transverse 






axis of the hip-joints . . 
Distance above the promon- 


87-7 


8-454729 






tory of the sacrum . . . 


8-7 


0-341519 



Hence it appears that the horizontal plane of the centre 
of gravity has only a fraction of an inch above the pro- 
montory of the sacrum ; so that, in fact, it traverses the 
sacro-lumbar articulation; which, being traversed also, 
as we have seen, by the median plane, and by the trans- 
verse vertical plane, contains the common pomt of inter- 
section of all three planes ; that is, contains the centre of 
gravity of the body m well-proportioned individuals, while 
standingerect. 

397. The position of the centre of gravity, however, 
varies more or less with every change in the relative 
position of the parts of the body, ascending if the arms 
are raised, advancing or receding as they are thrown 
backward or forward, and following in like manner the 
various movements and inclinations of the head, trunk, 
and lower extremities. In all these postures, it is essential 
to the stability of the column represented by the trunk, 
that a line dropped vertically from its centre of gravity 
for the time bem^, should fall on some point within its 
basis. For the fulBlment of this indispensable condition, 
we stand habitually with the feet so disposed as to furnish 
the most extensive area of support that can be maintained 
without fatigue, or an inconvenient separation of the legs. 
SuppK)sinff the outside points a and h of the heels to 
coincide, Qie greatest supporting area would be obtained 
by turning out the toes till the &et formed a right ang]ja 
with one another. But aa theae ^\x^ ^<da^ t^^^^sc. \&. 
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reality coincide, bnt mnat alwaya be sepa _j . 

least double the width of the heel, the feet ncTer reqriiB 
to be turned apart ho far ae to form a n^ 
I angle. When the feet are so disposed, tbl 
the distance a b between the outaide poinUot 
the heela exactly eqxials the len^h of the tool, 
the greatestareaof support will be obtainedbj 
turning the feet at an inclination of 60° to each otheri 
that 18, in other words, by turning them ao that ttii 
lines, c a and 3 6, if produced t" 
V" meet in e, shall make the trianali 
c e li an equilateral triangle. Audi 
think it may be eaid, that the feet 

stinctivelT, placed at or about thii 
angle, when it is desired to plant 
the body firmly in the upright pt* 

898. lu standing on one foot, the supporting area is of 
course reduced to the extent of the sole which remaiiu 
upon the gronnd, and the difficulty of balancing the bodj 
becomes proportionably greater. This difficulty is in- 
creased to its maiimura wnen, as in opera-dancmg, th« 
heel is raised from the ground, and the body rests entirelj 
on the toes of a single foot. In these positions of difficult I 
eqoilibrinm, the least displacement of any one portion ot 
the frame requires to be compensated by a, preciselj 
equivalent movement of some other part in the opposite 
direction, without which the centre of gravity would ht 
carried beyond the area, of support, and the body would ol 
neoeHsity be overthrown. It is on the degree of readinen 
and self-possession with which these compensating moT»- 
menta are executed, and on the choice of easy a,na appro- 
priate attitudes for this nice adjustment of the weight of 
the body over a constantly varying and often extrentelT 
narrow basis, that what is called grace of mien and depoiv 
ment mainly depends; and it is in the conception rf 
attitudes not only graceful in themselves, bat reallj 
natural to different kmds of actions, and suited in oatA 
case to maintain the equilibrium of the figure, that tlie 
skill of the sculptor in a great measure consists. Pro- 
fessor Moaeley, in his treatise on " Mechanics applied to 
the Arts " (to which useful work I am indebted for eeveial 
of the preceding observations), has introduced, as an illus- 
tration of thecompBiiBatingTao\OTiiftiAa'a'3''i^ifth.ttBbody 
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is balanced, a sketcli of tlie celebrated statne of the flying 
Mercury, by Juan di Bologna. The god, being in the act 
of springjing from the earth, rests only on the extremity 
of the right foot ; the body and the left arm are thrown 
forward, and with them the centre of gravity is advanced 
beyond the vertical line passing through the contracted 
basis of support. To brmg it into that vertical again, so 
as to restore the equipoise of the figure, the sculptor has 
represented the left leg and the right arm as thrown back- 
ward far enough to counterbalance the weight in front ; 
and it is evidently by just such an action that the 
equilibrium of the human body would really, in similar 
circumstances, be maintained. 

399. The difficulty of restoring the equipoise of the 
body when disturbed, may be increased not only by thus 
diminishing the extent of the supporting area, but con- 
versely, by increasing the superincumbent mass while the 
basis remains the same. Hence corpulent persons stand 
less firmly against violence than others. Hence, too, the 
addition of a heavy burden renders it more difficult to 
restore the equilibrium of the body when it has in any 
way been thrown off its balance. In this latter case the 
body, and the load which it supports, form, in a mecha- 
nical point of view, or so far as tne question of equilibrium 
is concerned, a single mass, having a common centre of 
gravity. This common centre of gravity lies at some 
point in a line joining the centre of gravity of the man to 
the centre of gravity of the burden sustained. If the 
weight of the burden is precisely equal to that of the 
body, the common centre of gravity will be found in the 
midcUe of the line of junction, equidistant from each 
separate centre of gravity. If the weight of either mass 
exceed that of the other, the common centre of gravity 
will approximate the heavier of the two, more closely in 
prpportipn as the excess of weight is greater. It is to 
bring this new centre of gravity vertically over the middle 
point of the basis, that we vary the posture of the bodj 
m bearing a load ; inclining forward if the weight ib 
fastened, like a pedlar*s pack, behind the shomders; 
throwing the head and the upper part of the trunk hack' 
wardf if, on the contrary, it hangs in front, as an apple- 
woman's basket, a protuberant belly, and the like; bending 
lateraUy, if it is applied on one side, as in carrying a single 
pail of water ; and lastly, keeping the body strictly up- 
right, if the pressure acts directly ixLtiy^is^t^^sbs^^^fikxv^^ 
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when & tray la boruB upon the head, or a pair of psila 
upon a yoke acraaa the shonlderB. 

400. The power of thus swajiag and inclining the bodj 
in ererj direction, depends partly oa the mobility of Hi 
trvmk, on the hip-jointa, partly on the flexibility of tbe 
vertebral coloma itself. The direction and extent of the 
movements due to the hip-joints have a]ready been 
described. (324) The general flexibility of the vertebral 
column, and the relative proportions which the cervical, 
doraftl, and lumbar regions respectively contribute to its 
total amount, have been accurately determined by Weber; 
who states, as the mean result of his obseryatioos on two 
subjects, that the whole range of the head, in approaching 
the pelvis before and behind, by the utmost flexion anj 
extension of which the intervertebral, saoro-lumbar, and 
atlanto-ocoipital joints are susceptible, eqnula 245' ; 
of which amount nearly tno-thirds are due to tlie joiuti 
of the cervical vertebrw with each other and with the 
head, one-third to the joints of the lumbar vertebraj yn& 
each other and with the ea.ormu, and the small remainder 
only to the joints of the dorsal region. This diifereoce of 
fleiibihty depends, in a great measure, on the diflerent 
shape and aspect of the articular processes in the three 
regions. In the back they form jomts calculated to allow 
a movement of torsion, but to oppose movements from 
before backward ; in the loins they permit bending motions 
of a certain extent in every direction, but entirely prevent 
ioTeion; while in the neck their structure is such aa to 
offer little or no impediment to motion of any kind. AH 
the movements of which the vertebral column is thna 
susceptible, are brought into play by turns, when the 
body IB balanced in postures of difficult equilibriam. 

401. The oases of difficult equilibrium which wo hare 
hitherto considered, depend on a change in the normal 
proportion between the balk of the supported mass and 
the extent of the area on which it stands ; whether oeca- 
fiioned by enlargement of the former, or by diminution of 
the latter. We have next to notice a kind of disturbance, 
still more dangerous to the stability of the body, and 
requirine for ita compensation a superior degree of skill 
and agility, only to be attained by much practice ; a, sort 
of Jistorbancp, in fact, to which, for this very reason, 
most of the falls that actually happen are due. 1 alloda 
to sudden irregular motions, communicated from withont, 

eitier to the column itae\i, oi \a \iift wailscft oa tihich it 
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rests. Pressure, or percnssion, applied directly to the 
body — as in wrestling, boxing, and similar athletic sports 
— disturbs the equilibrium, by forcibly removing the 
centre of gravity from above the basis. Motions im- 
pressed upon the supporting surface, such, for instance, 
as the tossing and rolling of a ship at sea, while one 
stands upon its deck — have the converse, but precisely 
equivalent effect, of withdrawing the area of support 
from beneath the centre of gravity. We usually oppose 
the tendency to fall, thus occasioned, by putting forth 
one le^ (and' so extending the basis of the column) in the 
direction towards which the body is propelled, or from 
which the supporting surface is withdrawn. When, how- 
ever, the direction of the disturbing motion is foreseen, and 
its extent inconsiderable, it may often be counteracted by 
a judicious inclination of the spine (in the manner just 
described), without enla^ement, or other modification, of 
the basis of the body. It is in this manner, doubtless, 
that a tumbler, standing erect on the back of a running 
horse, keeps his footing, when endangered by the casu£U 
swerving of the animal to either side ; there being evidently 
no room, in this case, to make compensation by extending 
the basis of the column laterally. 

402. We need hardly dwell at length upon the dis- 
turbance of equilibrium which occurs when, after the 
body and the supporting surface have for some time 
moved on together at an equal rate, the motion of one is 
accelerated, retai'ded, or stopped, while that of the other 
continues unchanged. In tnis case, as in the last, the 
loss of equipoise evidently depends on a change in the 
normal relative position of the centre of gravity and the 
centre of the supporting area ; and its restoration, in like 
manner, is to be effected only in one of two modes ; viz., 
either by bringing the former point once more vertically 
above the latter, or by replacing the latter in its proper 
position beneath the former. 

403. The liability of the body to be overthrown by 
either of these causes, is greatly diminished in the sittvna 
posture ; first, by the enlargement of the basis on whicn 
the trunk rests; and, secondly, by the reduction of the 
height of the centre of gravity above the supporting sur- 
face. Hence, in sittiM, not only are the lower extremities 
relaxed, but the vertebral column itself is held erect with 
less exertion than usual ; for which reason we find this 
posture one of comparative repoae. E.*^^!^ ^S^^kci%^^<sra^ 
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ever, if long continned, altimately prodnoea fat 
perfect rest being only possible when tho centre of gi 
IB 80 placed, tKat the force of graTitation tenda to inain- 
tain, not to aUer, its position ; a condition which for » 
jointed framework, such na the human bodj, can only be 
I'ollilled in the horizontal or reeumhonl poatnre. 

404. Such are the principal conditions (so far as th 
skeleton ia concerned) upon which the erect attitude i^ 
the haman body, and the maintenance of its eqnipHW 
on the narrow basiH of tlie feet, depend. We mar, ia Gu 
next place, still coatining onrselvea to the oateologiol 
point of yiew, analyae in a aimilar muiner the eerenl 
modes of progreesioti natural to man; such as walking, 
running, leaping, and the hke ; tracing, in each oaae, the 
relations which anbaist between tho action accomplished, 
and the organ, or sjatem of organs, by which it is per- 
formed. 

406. In standing, the limbs are employed only to rap- 
port and balance the body ; in prosresaion, besides per- 
torming these functions, they have alBOto act aspropeUen 
and epriitna. 

These fonr conditions of locomotion depend for their 
fulfilment upon certain actions of the Hmba, wLii^ 
though anbject in eaclfc kind of jjrogression to partial 
modifications, are in all cases esgentinllij the same. 

Thna, as, in progression, the trunk ia always carried at 
B, level below its full height, the condition of support 
always depends on the power we posseaa of atiffeniiif^ tbe 
limbs when flexed, as well as when extended. Wo ahall 
presently find it a general rule, that the body is anp- 
ported at a lower level, in proportion as its rate of pro- 
gress becomes more swift. 



always maintained by incHiitmj it more or less obliquely 
in tte direction of its advance; the trunk being, in fact, 
carried and poised on the heads of the thighbones, aa r 
staff is carried and balanced, when it rests, by one end, on 
a hand moving more or leas rapidly forward. If the st&ff 
vere balanced vertically, as when standing still, its lowor 
and only would advance with the hand ; its centre of 
gravity could neither be at first set in motion, nor after- 
wards kept moving against the resiptance of the air. 
Hence, the more rapidJy the balance staff ia to be nrgvd 
forward, and the greater the external reioBtance (that of 
ft oontrary wind, for example), against which its motion 
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is to be maintained, the more obliquely mnst it be carried. 
So likewise, and for the same reason, the swifter the 
motion of the tmnk, and the denser the medinm, or the 
stronger the current, by which its advance is opposed, 
the more oblique is its position of equipoise on the thigh- 
heads. 

Propulsion, again, invariably depends upon the power 
we possess of shortening the limbs by flexion of the joints, 
and afterwards elongatmg them a^ain, by a more or less 
rapid and forcible extension, while applied against a 
resisting surface. This action may be compared to that 
by whicn a boat is propelled with a pole. The pole rests 
in an inclined position .on the bottom of the river, form- 
ing, with the upright body of the man, an acute angle. 
The man then gradually inclines himself, so as to bring 
the pole and his body more and more into a straight line ; 
elongating thus the Idmb which the two may be conceived 
to represent, by extension of the sort of jomt which they 
form at their angle. 

A similar uniformity is observed in the actions by 
which, in all modes of progression, the condition of elas* 
ticUy is f ufilled. The vm/pact of the foot on the ground 
is always accompanied by a more or less extensive flexion 
of the joints of the planted limb; which yields thus 
beneath the concussion, and causes the force to be de- 
livered gradually, instead of passing with abrupt and 
accumulated violence to the trunk. This yielding, hew- 
ever, differs from that of an ordinary spring, in two 
respects, viz. — 

First, that it does not cUmi/nish m extent as the amount 
of compression increases ; 

Secondly, that it is not necessarily attended with 
recoil. 

These distinctions, to which few physiologists, I believe, 
have hitherto directed attention, involve several con- 
sequences of considerable importance, both in a mechani- 
cal and physiological point of view ; the consideration of 
which, however, would be inconsistent with the plan of 
this work, and will form the subject of a separate paper 
on the mechanism of the skeleton. 

406. There are six principal modes of progression ; viz., 
walking, running, jumping, creeping, swimming, and 
climbing ; of which the two first are adapted for ordinary 
and contintuyus, and the remaining four for occoevArcvAJL 
use. Each of these modeB ot ptog;temoTL ^^<%^*«»m^ ^«s^- 
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tain characters, capable of eiact definition, by wl 
may be diBtinguisbed, amidst all its raodifieationa, 
tbe rest ; while, on the other hand, each alike reqi 
for its secure and perfect accompliHlimeat, the concur . 
o£ the four above-mentioned conditions. In each, i.aw- 
ever, some one or two of thesB neccBsary conditiiHiB 
obtama more, or less, than ita usual degree of pronunenM. 
ThuB, in jumping, jjropMision and elaeticity are particn- 
larly remarkable ; the former at the beginmng, the latter 
at tne end, of the action. In wal&ing, on. the contrary, 
comparatively little eZorticiiy is required, on account of toe 
small force ot impact at eaoh tread. In running, the move- 
menta by which the e^iUbrium is preserved, are stronglj 
marked; and ^roptiiaion becomes again, aa in jmnpiug, ft 
prominent feature , In creeping, on the other hand, tbt 
actions by which the eqiiiUbTiam ia usually maintamed, 
are, for the most part, rendered unnecessary by the en* 
lat^ement of the basis on which the body rests. And, in 
BWimming, the organic provisions for support, and for Hie 



prevention of iniuriouB con(Mg»ion, are, in a great meaame, 
Buperseded by the properties of the medium in which ths 
body Goats. Climbing, however, ia an irregular mode of 
progression, in which the relative predominance ot tbe 
four conditions varies with every cliange in the natnre of 
the obstacles to be surmounted. It is, however, suffi- 
ciently distinguished, as we shall presently find, by tkjySt 
constant condition, peculiar to itself. 

iQ7. In aU modes of progression, we may distingnid 
the moving body into an active and a passive portion — la, 
into the organs carrying, and the bnrden carried. Thus, 
in walking, running, and jumping, the lower extremildai 
are tbe actuating instruments, while the head, trank, and 
arms, constitute the passive mass on which they act. Li 
creeping, climbing, and swimming, the -apper extremitiee 
become also active organs of locomotion, the head ftnd 
tmnk only remaining inactive. This division, however, 
must be ondeistood in a comparative, not an absolate 
sense. No part of the body is ever strictly inaotiTe in 
progression. The arms when not employed direct^ to 
support or propel the trunk, nevertheless assist in maia.~ 
taming its equiUbrium ; — performing for this porpoee, as 
we Bhall presently explain, certain uniform motions, in ft 
regular order of succession. The preservation of tbo 

Xiiibrium moreovei requires in many instances certain 
ogea in the poutioii andi ^nt^^i^B^Qu. of the head luid 



JUMPINO — SWIMMINa— CREEPING. 839 

trunk, hj whicli tHe vertebrsB of tHe neck and loins are 
necessarily broaght into play. On the other hand, it may 
be observed that in all modes of progression the organs 
of locomotion, usually distinguished as active, are relaxed 
at certain intervals, and themselves become passive 
masses, adding their weight to that of the burden sus- 
tained. With these reservations, however, the division in 
question may be adopted without danger of error or mis- 
understanding ; — and it will be useful m suggesting some 
well-marked distinctions between the several modes of 
progression. 

408. Thus, in walking and running, each leg is alter- 
nately active and passive — one swinging, rele^ed from 
the trunk, which at the same time carries it forward, 
while the other is actively engaged in successively ful- 
filling the four conditions of progression; viz., at the 
moment of impact, in imparting the required elasticity 
to the tread ; subsequently in balancing and supporting 
the body on the narrow basis of the Ranted foot ; and, 
lastlv, towards the end of the step, in pressing back- 
ward against the ground, so as to urge the whole mass 
forward. 

In jumping, on the contrary, no such alternation is 
observed. In this mode of progression the legs are 
simultaneously active, first, as propellers, to give the 
body a projectile motion, subseauently as springs to 
break its fall ; and the^ are simultaneously passive and 
relaxed, during their flight with the body through the 
air. 

In swimming, as in jumping, the legs move together ; 
and their action is, moreover, simultaneous with that 
of the arms ; the preparation for a stroke, and the act 
of striking itself, being performed by the four members 
at once. 

Oreepvna resembles in this respect, the pro^ssion of 
quadrupeas. The motion of each pair of hmbs, con- 
sidered separately, is alternate, like that of the legs in 
walking. The motion of either thoracic limb also alter- 
nates with that of the pelvic extremity of the same side 
— ^the former being advanced to take a new step, while 
the latter is stretched backward in propulsion. The motion 
of each thoracic limb is neither alternate, nor yet strictly 
simultaneous, with that of the opposite pelvic limb; 
each action of the former slightly preceding tihA ^YEfi^^^a&st 
action of the latter ; the ob^edi lE^eni^ V> t%r^» %s^V>^^^ 

z ^ 




MO CLIMBING. 

pOBBible in eaah step on three limbs. , 

ing in which the belly restu upon the ground has . . 
respect conaiderable analogy with awimming, that lbs 
tmnk ia, in both instances, in immediate contact witb t^ 
BQstaininf^ aarface, the earth afiordin^ it in the one ram 
-that direct Hupport which in the other it deriTSB from the 

OtimMitg ia in this respect (aa indeed in almost eveij 
other) a variable mode of progresaion ; being perfimaed 
by motions of the limha which are either ^temat«, ot 
Bimnltaneons, or wholly irregiilar, as circamBtancea may 
reqnire. Climhing, however, ia eaaentiaUy characteriE^ 
hy the prehensile action of the handa, and the genenl 
sabatitntion, in the upper extremitiea, of traotKm bt 
propulaion, that ia, of the shortening of the limbs bf 
flesiOL. for their elimgation by extension, as a meuw «f 
advancing the body. The lower eitremities may, or OB 
not, be naed in clirahing ; bnt one caoDot be aaid to eUxH 
tmleas some filed object be from time to time gtiufii 
with one or both handa ; and the body be wholly, or h 
part, suspended ^rom, or drawn towairda, the point of 
resistance ao obtained. Provided that this coiimtion b< 
fulfilled, clAmbvng takes place, whether the body mcyre 
upward or downward, aa in aaoending or deaoendingft 
t^, or horizontally, aa along a rope Htretched in t£lt 
direction ; — whether the actions of the limbs be irregolar, 
aa in the firat-mentioned caae, or equally nniforra with 
tliose of walking, aa when we go np a ladder or ths 
shrouds of a ahip. (Hence, in monntin^ an eaay stair- 
caae, without using the banniaters, one is aaid to watt 
or run up ; but in ascending a steep and difficult flight 
when one partly alao advancea by graspmrj and cbramiiita 
with the hands and arms, the modeof pro^eaaion.tboi^ 
in other reapects unaltered, is converted into cf^mHn^.) 

409. The four last-mentioned modea of progression 
which we have distinguished aa oecasional, are conaidered. 
with juatice, of less importance than walking and mn* 
ning ; neverthelwa they claim a share of our attention, 
because, thongh auited only to circom stances which, with 
na, are comparatively rare and eicontional, they are in 
constant requisition among uncivilized races of men, who 
are compelled, by the wildne^a of the re^ona they in- 
habit, their warlike and predatory habita, and '' 
dependence for food upon the chase, to adopt by 
ereryposaible kind ot locomo^ioiv. 
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410. And tills leads ns to observe that it is possible to 
advance by certain secondary or intermeddate modes of 
progression, each partaking of the characters of some 
two of the six above mentioned. Thus, the motions of 
the diver, who propels himself by means of the grotmd, 
deriving at the sauQie time his principal support from the 
pressure of the water, constitute a mode of progression 
evidently intiCrmediate between walking and evrnnmrng. 
There is also, as we shall presently find, a pace (called 
the storming-pace) exsLCtlj intermeoiate between wciUcmg 
and runnvn^. So again, when we ascend a steep hill on 
all-fours, using the upper extremities partly as prehensile 
and tactile organs, partly in the manner of legs for 
ordinary propulsion, our progression evidently partakes 
in an equal degree of the characters of creepi/ng and 
dvmbing. And lastly, the act of gliding over level ice 
(considered separately from the run by wnich impetus is 
previously acquired) may be regarded as a sort of transi- 
tion between standing and proaression ; all parts of the 
body being stationary in relation to each other, but in 
a state of rapid motion with respect to the supporting 
surface. 

411. All these modes of progression, whether primary 
or compound, may be assisted, with respect to one 
or more of tiie four essential conditions, oy aaiificial 
aids. 

Thus, to diminish the labour of supporting the body, 
the walker may use a staff or crutch. So, too, the swim- 
mer may avail himself of a floatmg plank, or other 
buoyant object, to compensate for the difference in sp^ecific 
gravity between his body and the water. 8tiUs quicken 
the pace by lenfi^heniog the legs, and giving them a 
wider span over l£e ground. The leapiMg^pole, a^ain, is 
a sort of artificial limb, which supports the Paper's 
body during its flight through the air, and lengthens 
considerably the range of his leap. The velocipede is, to 
the runner, what the plank on which he floats is to the 
swimmer ; both assist progression by relieving the limbs 
from the labour of suvportmg weight, and by enabling 
them to throw so mucn the more force into the actions c3 
promUsion, 

The smooth irons fastened to the feet, by the use of 
which sUdmg is converted into shatvng, are artificial aids 
to locomotion not analogous in their mode of aotiQii tA 
any of those above menUoned. ^I\x<^ -^xAfid^^ ^^^^^^=^ 
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and important capabilitif b of tbe singular mode of pn- 
(pression in whicli they are employed, appear to hm 
Been mach underrated by physiologist a ; who, wlule thej 
have taken the pains to analyse the actions of itunpiii; 
and Bwimming, with Heveral others of minur significance. 
haTe entirely overlooked skating. Tet, in cold countries, 
this art is employed not merely as an agreeable eiei- 
oise, hut as an ordinary means of travelling from plftce 
to place; BJid there can be no doabt that, under 
favourable circnmatanceB, it ia, of all modes of transit 
reaolting from the direct application of the human loco- 
motive organs, the simplest, the easiest, and the most 
expeditions. 

412. If, now, instead of the more or lesa perfect artifi- 
cial fulflmont of one or two of the essential conditions of 
locomotion, we conceive a complete realization of all 1^ 
four by adventitious aids, if, for instance, we conceive tie 
velocipede of the runner not only to e^ipport liis body, but 
also to be itself rendered elasHt with spruigs, kept ib 
equipoise by additional wheels, and propelledhy the ap- 
plicalion of some external power ; we pass the bouudajy 
between active and passive locomotion, and arrive at ttu 
notion of riding. The case of riding, thus nnderstood, ii 
beyond the province of physiology ; the peraon so con- 
veyed being, with reference to progression, eqnivalBLt 
omy to a maE« of inanimate matter. Midhig, however, 
on the iach of a ?tor«e or other animal, is a case of mixed 
progression, in which the rider is partly active, partly 
passive, with respect to the conditions of support, equvpoUr, 
and eUisHcity ,- while the fourth condition, that namely of 
propwlgion, is entirely folfilled by the animal. If, indeed, 
we consider the horse and Sis rider collectively, at 
forming one moving body, wo shall perceive that tha 
fnlfilmoat of all those condations ia exclusively dae to the 
former. But if, on the other hand, we attend, separately 
to the rider, we observe that he is by no means passive, 
but engaged in the execution of a series of movements, 
varying with every change of the animal'a pace, yrt 
having for their oommon object to maintain the equUU 
hriwm o( the body, to preserve it by elaslio yielding from 
concuasion, and to support it at an angle of inclm&tioii 
proportionate to the apeed of the motion. When, indeed, 
these exertions of the rider have to encounter tha con- 
trai? efforts of the animal to reheve himself from, hia 
bnraen, this mode oS -pYogteawm. ^lecQiaaa ^yen man 
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fatigning than walking or running. It is more usual, 
however, to find the motions of the horse and man in 
perfect accordance ; as when, for instance, in turning a 
corner at a rapid pace, they both incline, instinctively and 
simultaneously, towards the centre of the curve described, 
for the purpose of counteracting the centrifugal force by 
which their common equilibrium would otherwise be 
endangered. 

413. It is evident that the steps of the transition by 
which running thus finally passes into riding^ have an 
exact counterpart in those by which swimming passes 
into sailing ; the supporting plank, somewhat widened 
and hollowed, becoming a canoe, which may be 'poised by 
ballast, and 'propelled by the wind. In each case organic 
action is gradually superseded by the progressive intro- 
duction 01 mechanical aid. 

414. Lastly, as the various modes of progression are 
thus, in many cases, facilitated by the employment of 
artificial aids, so their difficulties are sometimes inten- 
tionally increased by the introduction of artificial impedi- 
ments. This happens in many athletic sports and trials 
of agility or skill. Sometimes, for example, we refrain 
purposely from the use of one or more of our limbs ; as in 
nopping with one leg, swimming with one hand, and the 
like. Or we may reverse the proper functions of the 
limbs ; as in walking on the nands, while the legs, 
extended in the air, are employed to balance the body. 
Or again, we may, in running, pass a cord between the 
feet and the ground at each step, as in the exercise of 
skipping. Or we may whirl round as we advance, still 
maintaining the equilibrium of the body, as in tvaltzing ; 
or move in a prescribed figure, executing at the same 
time particular evolutions with the feet, as in the several 
varieties of dancing. None of these exercises are unin- 
teresting to the physiologist, who discovers in them all 
more or less strikmg evidence of the varied capabilities of 
the body, and of the precision of action to which the limbs 
may be trained. 

415. In this rapid but comprehensive review of the 
subject of progression, we have noticed, first, the four 
necessary conditions common to all its varieties ; secondly, 
the leadmg characteristics of its six principal modes, and 
of the combinatious and modifications of which they are 
susceptible ; and finaUy, the artificial aids and impedi- 
ments, by the gradual introductioii oi ^>K\.Oa. *^<5iNsiR»^- 
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motive or^na come at laattobeeserted, on 
in the mtniaiwm, and on the other, in t 
decree; natiiTcH progreeeiov, passing, bj the former trau' 
flition, into artijicAaX eotweyance ; by the latter, into 
(equally artificial) athletic sports. Furnished with this 
naefnl preliminary knowledge, we may next proceed (sliD 
confining our attention to the skeleton) to analj-Be more 
in detail the complicated actions of progression; and 
CBpecially those hy which, its two most important modes— 
viz., tcalking and running, are performed ; and ibi tlui 
pnrposo we shall constantly avail ourselves of the Talnilill 
esperimental and theoretical inveatigatiotiB of W. andt 
Weber, to whose work (entitled Mechanik der SletuA- 
liehett Qeh^erk-zeuge) we have already BeTerel tunea 
referred. 

416. The object, in walking, is to keep the body mimiK 
at a rate as nearly aa possible ■uniform, in a line as nie^f 
as possible horisontal. In order to understand howthlt 
object is acGOmphshed, we must consider, first, the M«m 
of movements performed by the locomotive organs at each 
step, and the direction in which the force they exert il 
applied to the tmnk ; and secondly, the external forCM 
wmch act on the body in walking, <uid concur with ^ 
mnscular force in the production of the observed effect 

417- Each leg is plaiitedon the ground during onestep, 
and swings in the air during the next ; bo that, to trace 
its entire action, we must follow it through two conaeca- 
tive steps. As, however, one leg is in the act of amnging 
in the air, while the other is resting on the ground, tie 
two together exemplify the whole series of movemients in 
each single step, 

418. The leg that we aet forward in tailing a step, 
advances at its upper eitremity, by turning below on the 

Slanted foot, first at the ankle-joint, and afterwards on 
le ball of the great toe ; in which advance the tmnk, 
resting on its upper eud, neccBsarily participates. Daring 
this action there is an instant when the direction of thd 
limb (represented by a liae drawn from the centre of the 
head of the femur to the centre of the surface which, for 
the time being, touches the ground] is exactly vertical; — 
tliat is to say, when the head of the advancing femni 
arrives directly over the planted foot. During the period 
which precedes this moment, the foot is in advance of the 
body, and the direction of the leg is from the tmnk dawn- 
wara and forward ,■ dining the aiWw^asaA ^icv*i, tha foot 
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is left beliind by the trunk in its adrance, and the direction 
of the leg is downward and backwa/rd. If, throughout 
these two periods of the advance, the knee-joint remained 
in a posture of extension, and the lengtii of the limb 
underwent no change, its upper end would describe a 
curve, rising during the first period, descending during 
the second. In a leg of ordinary len^h, and in walking 
at a moderate rate, this alternate nse and fall would 
amount to upwards of two inches — through which space 
therefore the trunk would have to be lifted at every step ; 
to the great waste of muscular force, and the unnecessary 
fatigue of the walker. The means of obviating such an 
evil, and of rendering the advance of the trunk perfectly 
horizontal, consist in simply flexing the joints so as to 
shorten the limb, during the first period of its advance (or 
while approaching the vertical position) ; and lengthening 
it again (by extension of the joints previously flexed) 
during the second period of its advance (or while passing 
further and further beyond the vertical). This alternate 
shortening and lengthening of the Hmb really takes place ; 
so that the body of a good walker, advancing at a medium 
rate, moves nearly in a horizontal line. The slight rise 
and fall actually observed at each step, depend chiefly, I 
think, on a certain yielding of the planted leg at the 
moment of impact necessaiy to give hghtness and elasti- 
city to the tread.* 

419. During the first period; or before arriving at the 
vertical position, the leg offers to the trunk a resistance, 
the direction of which is obliquely upward and backward: 
so that, while it opposes the fall of me trunk, it also acts 
in a certain degree as an obstacle to. its advance. At .the 
moment of reaching the vertical, the leg sustains the 
whole weight of the trunk, and ceases to oppose its hori- 
zontal advance. In passing the vertical position, and 
entering on its second period, the les begins to propel. 
The more the leg shortens during "flie first period, the 
more will it lengthen during the second, and the more 



* The advantage of this yielding, and the amount of cotiouBsion 
from which it saves the trunk, is iUustrated by the vibration which 
is communicated to the floor of a room if one walks across it 
with an inelastic tread. And the comparative ease which we feel 
in walking on turf, arises, doubtless, in a great measure, from the 
springiness which it imparts to the tread, and the proportionably 
sauHMier carriage of the trunk. 
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propeUing force will it tlms be able to exert. Again, the 
more obliquely the leg is stretched backward from the 
tnmk, wliile propelling, the more effectively will its force 
be applied in accelerating the motion of the body. These 
two principal conditions of swifb waJking, themselves, 
depend (other things being equal) on the level at wbieh 
the body is carried. In ordinary walking the body is 
carried at twenty-five millimetres (Weber), or nearly an 
inch, below its level in the erect attitude. It is evident 
that the greater this depression of the trunk becomes, the 
more must the leg be bent while standing vertically under 
it, and the more must the position of the limb approach 
the horizontal when it is stretched backward at its full 
length in propulsion. 

420. Such are the movements of the leg whidi is 
planted in advance. While they are performed, the 1^ 
which remained behind at the beginning of the step, also 
executes certain movements, which come next to be 
considered. 

421. During the first period, while the advanced leg is 
preparing, by gradual flexion, to propel, the hinder leg 
remains in contact with the ground. Precisely at the 
moment when the advanced le^ reaches the vertical, and 
is able to sustain the whole weight of the body, the hinder 
leg quits the ground,. and becomes a passive appendant 
to the trunk. Immediately afterwards, as the advanced 
leg, having past the vertical, begins to propel, the hinder 
leg begins to swing forward, turning, like a pendulum, at 
the hip-joint, and partaking at the same time in the 
movement of translation of the body in general. Before 
the, advanced leg has KX)mpleted its second period and 
ceased to propel, the hinder leg has swunc far enough 
forward to be planted in advance ; forming flius the com- 
mencement of a new step, during which it executes, in its 
turn, the first described series of movements. 

422. Propulsion is thu€ kept up without intermission 
in walking, the hinder leg in each step not ceasing to 
urge the body on, till the leg planted forward has reached 
the vertical, and (having completed its retarding period) 
is ready to take up, in its turn, the propelling action. 
Hence we learn thaSt there is a certain jjeriod of each step, 
in walking, during which the body is in connexion with 
the ground by two legs at once, one lengthening and pro- 
pellmg, the oth«r shorteniuff and preparing to propel; 
the former tending to accSerate the body, the latter 
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offering a resistance wliich constitutes the principal check 
to its progress. Bnt though for a part of each stej) both 
legs are at once on the ground, there is no period in 
walking during which they are both at once in the air. 
In running it is just the reverse ; there is a period in each 
step, during which both legs are at once in the air ; but 
no period in which they simultaneously touch the ground. 
This constitutes the essential difference between walking 
and running. As we quicken our space, in walking, the 
period during which both legs touch the ground at once, 
gradually becomes shorter, till at the quickest walking 
one leg is taken up almost as soon as the other is set 
down. A^ain, as we slacken our pace, in running, the 
period durmg which both legs are off the ground at once, 
and the body moves, like a projectile unsupported through 
the air, gradually shortens^ tiU at the slowest running its 
length is scarcely appreciable. Thus walking and running 
gradually approximate in character, as the latter becomes 
slower, ana the former more swifts There is a pace in 
which one leg is taken up at the very instant the other is 
set down ; which pace, possessing thus neither the period 
peculiar to walking, nor that which is characteristic of 
running, must be regarded as a transitional pace exactly 
intermediate between these two modes of progression. 
By the least slackening, this pace passes into walking ; 
one leg being taken up a little after ihQ other is set down; 
so that a period of appreciable length, in which both touch 
the ground together, again exists. On the other hand, by 
the least quickening, this pace is -converted into running 
— one leg being taken up a little hefore the other is set 
down ; so that the period in which both are simultaneously 
in the air, re-appears. In this pace, which we have already 
alluded to as the storming^ace, (and which, I believe, is 
called, in pedestrian matches, walking toe-omd-heel,) the 
trunk is carried in a very inclined position, and con- 
siderably below its ordinary level: the leg is set down 
vertically, in a posture of demi-flexion, so as to be ready 
to b^in to support and propel the trunk directly it 
touches the ground. And it stretches further backward 
in propulsion, on account of the lower level of the trunk, 
so as to span over a greater distance than in walking. 
It is also lengthened more rapidly, by a quicker and more 
forcible action of the extensors ; so that while the space 
traversed at each step is increased, the time occupied in 
the transit is diminished. (It is a G;\m.o\x& i»A\»^ ^/c^^^^si^ 
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true for walking and miiiiutg, that the ditration of om 
stepa always dimioiabes aa their length increoBes ; eo thM 
as we advanco faster, we take a greater immber of Bte]» 
ae well aa traverse a greater distance, in a given tim&) 

423. The propelling forM, at whatever pace we walk, 
acts on the trunk in a directioa more or less obhijaelj 
forward and upward. In order to understand how a fom 
so applied can prodnce and maintain hori;^ontal pro' 
gression, we must consider the other influences which act 
on the body is walking, and ascertain the precise manneT 
and degree in which they afieot its motion. 

424. Five influences act on the body in walking, inde- 
pendently of the force of the propelhng limb ; viz., first, 
its own previously-acquired momentum, which would keep 
it moving at a nniform rate in the same direction for ever, 
without further propulsion, if there were no retarding- OT 
disturbing inflnences ; 2ndly, the force oigravitation, tend* 
ing to draw it vertically downward ; 3rdly, the resUtcmei 
of the advanced limh during its first or retarding period ; 
4thly, the resistance of the avr; and, 5thly, the gliding- 
friction, of the joints, and the roUimg-friciion of the 8ole of 
the foot against the ground. The retarding influence rf 
friction is, in all modes of progression, comparatiTely so 
insignificant, that it need not be taken mto acconnL 
The resistance of the air in ordinary walking reqmreii a 
constant expenditure of force about equal to that of a 
jiound weight, moving at the rate of six or seven feel 
per second ; which, in reference to the whole amount 
of resistance overcome in walking, is also quite incon* 
siderable ; and may, therefore, like the fridion, be for 
the present disregarded. We have here, therefore, 
only to consider the operation of grainiy, of 'moinientwn, 
and of the rtlarding leg. The gramty of the trunk U 
opposed, during the ^riod in whbh lioth legs touch tha 
ground, by their conjoint actioD, the support afforded by 
the advanced limb being combined with a retarding in^ 
flnenoe, that of the hinder limb with a propelling action. 
At the beginning of this period of the step, the proptel- 
ling force exerted is rather less than the resistance ; to 
that the body, at the same time that it is supported, is 
also retarded a little. At the instant when the leg 
reaches the vertical position, the body is supported with- 
out either acceleration or retardation. When the leg 
pasBos the vertical, the action is entirely changed. Th« 
hinder leg being now UStii4,&e \io4^ vb sa-^-^xtai entirely 
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on one leg, wliicli stretches obliquely downward and back- 
ward, len^hening meanwhile so as to urge the body in 
the opposite direction. At each instant of this period the 
force of gravity, and the previously acquired momentum 
of the body, acting at right angles to each other (the 
former downward, the latter forward), give the trunk a 
tendency to move, not in the direction of either separate 
influence, but in that of their diagonal resultant ; repre- 
sented by a line drawn obliquely downward and forward 
from the centre of gravity to the ground, at an angle 
varying with the speed of progression.* But as the body, 
thus tending at each moment to move obliquely downward 
<xnd forward fTeceiveB also, at each moment, from the pro- 
pelling leg, an impulse obliquely upward am>d forwan'd, it 
wiU obey both these forces conjointly, by moving in the 
direction of their diagonal resultant ; that is to say, hori" 
zontaUy forwa/rd. The propelling action, during this 
period of the step, meets with no other resistance than 
that of friction, and of the air ; and as it greatlv exceeds 
these, it accelerates the motion of the body, till the swing- 
ing leg is planted forward ; when the retarding operation 
begins again, and the whole series of actions just de- 
scribed is repeated. Thus, as the motion of the body is 
not perfectly horizontal, so neither is its rate strictly uni- 
form, in walking ; it rises and falls a little, and it also 
undergoes alternate acceleration and retardation, at each 
step. 

425. Such is the series of movements by which, in 
walking, the conditions of svpport, propulsion, and elas' 
Ucity are fulfilled. The motions by which the equipoise 
of the body is maintained are easily understood. As each 
foot alternately becomes the basis of support, the vertical 
line of the centre of gravity must be made to fall within 
its area, either by a swaying of the trunk to one side ; or 
by a contrary inclination of the foot, in the act of stepping, 
towards the median plane ; or by a combination of botn 
these movements. Skilful walkers adopt the last-men- 

* The body would, if really suffered to fall to the ground in 
walking, describe a parabolie curve in its descent, because gravi- 
tation is an accelerating force. But its tendency^ before actuallv 
beginning to fall, is to move in a tangent to the first point of such 
a curve ; and this tendencut with wmch alone we are here con- 
cerned (as the body in walking never actually falls to the ground) 
is accurately represented by a straight line drawn diagonally in tbA. 
direction mentioned in the text. 
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tioned method, in which, while the foot ii. 

warda inconveniently on the one hand, the lateral m 
of the trank is not awkwardly extensive on the other 
Bailors, in consequenee of their habit of waUdng the ded 
with their lege separated, so as to be prepared for the 
tossing of the ship, learn to balance themselTes alnnxt 
entirely hy swajing the body from aide to side — wheMe 
their clnrasj, rolling gait. 

426. The motions of the anus in walking are perfectlj 
regnlar and uniform ; and their purpose beeoniee obvious 
when they are considered in connexion with the action of 
the lega. While the right leg swings forward, the righl 
arm is swung backward and the left forward, while tie 
left leg swings forward the left arm is swung back- 
ward and the right forward. The effect of Bwingiug 
the right leg forward would he to cause the trunk to 
rotate horizontally on the head of the femur of the 
supporting leg, so that the right aide of the bodj 
would advance beyond the left. By swinging the r^bt 
arm backward and the left arm forward, the trunk ne- 
quires a tendency to rotate on the planted leg in exactly 
tne opposite direction. This tendency neutralizes Hit 
other i and the result is, that both sidea of the trtmk 
advance together, when walking ia skilfully performed, st 
aa equal rate ; neither aide passing Forward, at any tiine, 
beyond the other. 

427. Since, in walking, one leg is always set down 
before the other ia taken up, the length of our steps in 
this mode of progression has a natural fixed limit, deter- 
mined by the span of the legs. The object of running, 
which we may next proceed to consider, ia to enable us to 
traverse at each step a apace not thus limited hy the epan 
of the lega, but depending only, aa to its extent, on tJu 
degree of propelling force which the limba are able to 
exert. This object ia attained by giving the body a projectile 
motion for a certain part of each step j during which period 
both legs are suspended ireoly on the trunk, and accompany 
it in its flight throngh the air. The length of the ranning- 
Btep eiceeda that of the walking-step by the horizontal 
distance through which the body is thns projected during 
the period in vihich neither legtouches the ^onnd. This 
distance differs according to the speed with which we 
run. Our steps, in running, are on an average double At 
long as in walking, and they are also more rapidly exft- 
CQted, in the proportion. DilitteetotviQ-, Batha.t,inBg^Tai 
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time, one may run abont three times as far as one can 
walk. The exertion required to maintain this speed is, 
of conrse, directly as the resistance to be overcome; 
and this depends more on the air, and less on the retard- 
ing action of the advanced leg, than in walking. At the 
fastest pace that a good runner can keep np for any 
length of time, the working force constantly expended in 
overcoming the resistance of the air is equal to about 
four pounds, moving at the rate of twenty feet per 
second ; a considerable exertion even for a robust man. 
And as this resistance varies nearly at the cube of the 
velocity,* it is easy to understand why swift running is 
80 laborious ; and why a small acceleration, when a rapid 
pace has already been attained, adds to our fatigue in 
a degree apparently so disproportionate to the slight 
increase of speed. Hence quick running is an advan- 
tageous mode of progression, only when the distance 
to be traversed is small, and the time to be occupied 
in the transit short. When the time and the distance 
are both lengthened, we find our advantage in walking. 

428. Weber has entered into a very elaborate calcula- 
tion of the motion of the swinging leg, in walking and 
running, founded on the hypothesis that the leff swincps 
entirely by its own weight, without assistance &om the 
muscles, and that its motion is consequently governed by 
the general laws of oscillating bodies. I have not as yet 
had any opportunity of testing this theory experimen- 
tally ; but I am ra£ner disposed to doubt the assertion, 
that the muscles do not contribute in anydegree to swing 
the leg forward in natural progression. However, accord- 
ing to Weber's supposition, the leg oscillates in the 
same time in all paces, from the slowest walking to the 
fastest running ; and the duration of a step is greater or 
less, as the swinging of the leg is interrupted, by setting 
foot to ground, when it has traversed a greater or 



* The amount of atmospheric resistance depends chiefly on the 
quantity of air displaced in a given time, and the rate at which its 
particles are moved ; which quantity, and rate of motion, both in- 
creasing directly as the velocity of the projectile, would make the 
resistance vary as the square of the velocitv. But the resistance is 
further increased by the condensation of the fluid in front of the 
moving body, by the partial vacuum formed behind it, and by 
several other circumstances, which, added to the former, make the 
resistance varv nearly as the cube of the velocity, according to the 
statement in the text 
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lesB proportion of its arc. Thns, in the stormmg-pace. tbe 
limb iH planted as soon as it has swimf; through half iU 
arc, and arrivad vertically njider the tmnk t in walloDsr, 
as each step occapies more time, bo the awinging leg 
deacrilies more than half its arc, and pasaea beyond the 
vertical position before it is planted ; and thie ao moch 
the more as the pace ie slower, and the duration of each 
step consequently longer. In the quickest running, each 
leg must, as in the stonning-paee, perform at least half 
an oscillation [so aa to hang vertically beneath the trunk) 
before it can be planted ; out tlie steps, in running, can 
nevertheless follow each other more rapidlj than in the 
storming-pace ; because, as both legs are suspended in the 
air at once, during part of each step, they swing forward 
gimvitaneouely through a portion of their respective area, 
and, by this saving of time, can be planted in quicker 
Eniccession than when they are swinging separately, one 
after the other. 

429. This account of walking and running is bo fat 
calculated to elucidate, in thetr more important parti- 
cnlars, the four occaaumal modes of progression, that it 
will not be necessary to dwell on these latter at any great 
length. 

430. la. jumping, the body is projected into the air hr 
a simultaneons extension of both legs, performed witb 
remarkable rapidity and force. In jumping, forward, back- 
ward, or to either side, the body describes in its flight ft 

Earahohc cnrve ; in jumping upward, it moves in a right 
ne ; in all caaea it obeys the ordinary laws of projectileB. 
Thus, for example, the period of its fall is nearly equal to 
that of its ascent; and its rato of motion, at each point of 
its descent, is exactly equal to its rate of motion at the 
corresponding point of its ascent. If the act of apringisg 
forward be preceded by a run, the body acquires an im- 
petus, which concurs with the propelling action of tha 
limbs, and increases the horizontal extent of the leap. In 
like manner, by swinging the arms, at the moment of 
springing, in the direction in which tie body is projected, 
tneir inertia is made to aid, instead of impeding, its flight 
through the air. 

431. The progreasian of the body throngh the water, in 
sv>im,ming, depends on the principle that action and re- 
action are equal and contrary. The action, in swimming, 
consiata in displacing a considerable quantity of water, 
and urging it DacWaid, V>3 cartouv movementa of tha 
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hands and feet. By tlie necessary reaction of tlie water 
on the body, this latter is displaced and urged forward 
with a momentum precisely equivalent to that of the 
water moved in the opposite direction. Some swimmers 
render the body specifically lighter than the water, by 
keeping the chest more than usually full of air, so that 
no muscular power is required to keep them from sinking. 
More usually, however, it is necessary to urge the water 
somewhat downward as well as backward, with the hands 
and feet, in order to keep the breathing apertures free 
above the surface of the fluid. Swimming is not sus- 
ceptible of so much diversity in point of speed as pro- 
gression on dry land through the air, on account oi the 
greater resistance opposed by the water to the motion of 
the body. This resistance (varying, like that of air, 
nearly as the cube of the velocity) soon renders it impos- 
sible for the swimmer to accelerate his motion without an 
additional amount of exertion, too fatiguing, and too dis- 
proportionate to the small advantage gained, to be long 
or usefully continued. In aU modes of progression, in- 
deed, whether through water or air, there is a certain 
average velocity, adapted to the powers of the body and 
easily attainable, but which cannot be much surpassed 
without excessive exertion. This depends on the resistance 
of the medium increasing so much more rapidly than the 
speed of the body which moves through it ; and it accounts 
for the fact, that the difierence in the speed of runners^ 
swimmers, &c., is so much less than the difference in their 
strength would at first sight lead us to expect. In reality, 
to outstrip a swift runner, though but by a little, requires 
a very considerable superiority of strength. 

432. The stature, weight, and proportions, of the skeleton 
vary much in different individuals and races of men, as 
well as in the opposite sexes, and at diflerent periods of 
life. Many of these diversities have been noticed in- 
cidentally in the preceding chapters. Thus, we have had 
occasion to refer to the remarkable weight and density of 
the bones in the negro as compared with the European 
skeleton ; to the superior dimensions of the female pelvis as 
contrasted with that of the male ; to the disproportionate 
size of the head in the child as compared to the adult; 
and to the inferior relative capacity of the anterior seg- 
ment of t}^e cranium in several barbarian tribes, as com- 
pared to more civilized races of men. 

The average stature of the aiai\» Taa^aVxKSMaa^ ^'^^^Rsa. 

A. A. 
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(taking into consideration the eborter ae 'well as tbetafln 
varietiea of the epeoieB) is five feet six inehea. This ie 
increased, in tiie living Habject, bvthemnHclesatid int«gn- 
ments, to about five feet seven inches. Variations in height 
of more tban nine or ten inchea above or below ting 
medium standard are anomalous ; that is to saj, at four 
feet nine inches a man's stature may he considered 
d«-arfish, while at sis feet five inches he becooieB. a giant 
Boarger; cites, aa extreme instances of dwarfish and giant 
stature, a Congo negro; nine feat high, seen by Vamler- 
hroeck ; and a dwarf, aged thirty-seven years, aixl^en 
inchea high, mentioned hy Birch. The average height of 
the adult European male skeleton {to which, in this work, 
our attention haa been principally directed) is five feet 
eight inches, or, with the integuments, five foet nine 
inches. In a man of this atature the total height of the 
body is eight times that of the head. In all varieties i^ 
the species, whether tall or short, barbarous or civilized, 
the height of the female is, on an average, inferior by 
about 1-1 1th to that of the male. Yarieties of height 
■usually depend in a greater degree on the limbs than on 
the truDk ; for whicn reason it ia that tall and short 
persona, when Bitting, often appear of nearly equal hei^t 
Vitruviua mentions some curious facts with reference to 
the proportions of the human body. If the body be laid 
on a flat surface, with the legs extended, aa in the erect 
posture, and the arms stretched out at right angles on 
either side ; and if than a parallelogram be formed, by 
drawing two lines parallel to the median plane, one on 
each side, touching the tips of the fingers, and meeting 
these B.t right angles by two transverse lines, one in 
contact with the crown of the head, the other with the 
Bolea of the feet ; this paraUelogram, thus exactly includ- 
ing the body, will, in a well-proportioned individual, be 
found to be a perfect square. If tho arms be now raised 



till the tips of the fingers are in a line with the top of tine 
head, and if the legs be separated till they wonld form, 
with a line joining the feet, an equilateral triangle ; then. 



around the navel as a centre, a circle may be described, 
which shall tonoh the tips of the fingers above and Uie 
eoles of the feet below, thus including the body exactly 
witiiin its circumference. Mr. Joseph Bonomi. sculptor, 
in conjunction with myself, tried the truth of these rules 
on two individuals of ordinary proportions, and me found 
them verified wi\,\iBttirpna\B%wiira.«a'3, It ia difficult to 
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believe that these constant simple relations of the human 
figure to the square, and to the circle, can be accidental ; 
on the other band, we have no grounds for asserting 
positively that other proportions would not answer the 
purpose equally well ; nor are we aware of any particular 
inconvenience occasioned by small deviations from the 
ascertained law. 

438. The analogies of form, number, and connec- 
tion, traceable in the several bones and regions of the 
skeleton, constitute a subject of the highest philoso- 
phical interest, which has given rise of late years to 
keen controversy between naturalists of distinguished 
ability ; so that it remains up to the present day an un- 
decided question in physiology. According to Cams, 
and the transcendental anatomists, there are two simple 
modes of development, and two simple primary forms 
(the diconic and the spherical)^ which are repeated 
throughout the skeleton, and which, with particular 
modifications (depending on certain laws of antagonism, 
and volar evolution), give rise to all the diversified forms 
actually presented by the bones. These views are opposed 
by Cuvier and his school, who, in accordance with the 
simple theory of the Conditions of existence, seek only, 
in studying the phenomena of organized beings, to trace • 
in each instance, the relations which subsist between the 
form and structure 'of organs on one hand, and their 
functions on the other, or (as Blainville has expressed it) 
between the static and dynamic conditions of life. To 
discover these relations, and this constant mutual inter- 
dependence, and to reduce them by degrees to their 
simplest and most comprehensive terms, so as to arrive at 
laws of the utmost possible scope, and generality, is, 
according to these philosophers, the proper end of physio- 
logy; an end not promoted (as they say) by fanciful 
theories of development, or speculations on the analo- 
gous geometric construction and essential similarity of 
organs evidently diverse as well in point of number 
and connection, as in shape. The necessary length of 
such a discussion precludes its admission into this work, 
which has indeed already extended itself far beyond the 
limits originally proposed. We shall here, therefore, 
confine our attention to those more obvious analogies 
between the upper and lower extremity, and between the 
bones of the cranium and of the vertebiraJL ^.^VosssicL^^^J^^Jti. 
are now universally admitted "by -pViysv^^o^Xas ^"^e^^^^a^ 

A A. ^ 
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only with reference to tlie two theories in q-aestion, flut 
each appears to posseaa h. philoaophical value peculiar to 
itself, and adapted t« cnrresponding necessities of the 
Bcieace ; while, on the other hand, their esaential prin- 
ciples are itt fact less coiLtradictory than they at first 
eight a^)ear. 

434 la order to conceive the cranium as a, prolonga- 
tion of the spine, and to trace in its bones tbe essential 
elements of vertehn», it muEt he borne in mind that 
each vertebra consists of a body and an arch, the former 
being part of a eolu/mti, of support, the latter of a canal 
or tube for the reception of a nervous cord. The relatiTC 
development of these two parts varies in particular ver- 
tehne, according as the column is required to be stronfer, 
or the cavity more capacious. In the sa«mm, nhicb 
serves as a foundation for the spine, the supportug 
column is required to he massive and strong ; but, as Uie 
contained parts are here at a low point oi^ development, 
the protecting cavity becomes a feature of less im- 

gortance. Here accordingly the hodieg of the vertebne 
)rm a lar^ consolidated mass, while the arches are 
small, and, in the lower sacral vertehrse, even altogether 
deficient. In the cranium a contrary development takes 
, place. The contained nervous column, swelling out at 
its upper extremity to form the cerebrum and cere- 
bellum, regnires, for its reception, that the arches of 
the contaming vertebras should here bo remarkahljr 
broad aod capacious ; while, on the other band, their 
bodies "re reduced to mere vestiges, either in accordanoa 
with the law of antagonism (as the transcendental phi- 
losophers woald say), or simply because a column of sup- 
port is here not wanted (aa the opposite school would 
affirm). 

435. Bearing these facta in mind, we may trace in the 
cranium three separate 7ones, each presenting, more or 
less diHtinctly, the principal elements of a vertebra. The 
first of these cranial vertehrEB is the ocaipittU hone ; the 
second is formed abore by the parietal bones, below hj 
the greater wings of tbe sphenoid bone, and by the larger 
portion of its body; the third is composed of the ^- 
moid and frontal bones, together with the lesser wings 
of the sphenoid aud that part of its body by which th^ 
are supported. The temporal bones are said, bj eome 
anatomists, to belong to the second or middle cranial ver- 
tebra ; bj othera they are Te^B.iieioa^io.tw.iAi'ssj^a.-eitfc, 
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imperfect vertebra, possessing rndiments of laminsB in 
the Wormian bones which intervene frequently between 
the parietal and occipital bones (and which, in many 
instances, attain a considerable size, wde par. 57). We 
shall not, however, in this place discuss the doubtful 
or disputed analogies of the anterior and middle zones 
of the cranium, but shall confine our attention to the 
occipital bone, referring the reader to the writings of 
Professor Owen on transcendental anatomy for fuller in- 
formation. 

436. In the occipital vertebra of the cranium, the 
basilar process represents the body, and the broad hinder 
plate of the bone forms an expanded and capacious 
arch; while the foromien magmum, included between 
these parts» is evidently analogous to the vertebral hole. 
Again, the occvpital cond/yles are true inferior oHicular 
processes, and the jugular processes may be regarded, I 
think, as vestiges of the superior articular processes. 
The transverse processes are represented by the rough 
portions of bone which lie to the outer side of the con- 
dyles, and give attachment to the lateral recti muscles ; 
while the exterior occipital crest and tuberosity constitute 
a rudimentary spinous process. 

437. The student, in examining the forms of the bones j 
must have already been struck with the analogies, which 
assimilate the shoulder to the pelvis, the upper arm to 
the thigh, the forearm to the leg, and the three regions of 
the hand, respectively, to the corresponding divisions of 
the foot. The flat ihac portion of the os mnominatum 
corresponds, both in form and position, to the ala of the 
scapula, and its internal and external fossae represent the 
dorsal and ventral depressions of the shoulder-blade. 
The acetabulum answers to the glenoid cavity, and the 
ischium to the coracoid process ; while the pubes, stretch- 
ing honzontaUy inward, is recognised as the analogue of 
the clavicle. The head and neck of the humerus answer 
to those of the femur; and the larger and smaller 
tuberosities of the former bone correspond to the larger 
and smaller trochanters of the latter. The lower 
extremity of both bones presents a trochlear surface with 
lateral tubercles for muscular and ligamentous insertion ; 
while the patella of the knee-joint and the olecranon 
process of "uie elbow are, in general respects, strikingly 
analogous. Thus, each is developed by a separate pomt 
of ossification, and presentB t^ ^kXrodcXiXO^ ^^^scos&ss^ \s^ 
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ehort bones ; each gives attadtment and improved 
leverage to a mass of exi^DBors ; and eaicb protects a 
joint, which would otherwise he eiposed during flezkm. 
When the olecranon reraainB separate from the olua, and 
forma an independent short bone (as in an instance re- 
corded by EosenmUUer), this analogy is rendered com- 
plete. The analofjies between the forearm and the Iqt 
are, in several reapecta, more uncertain, than those he- 
tween the upper arm and thigh. The leg ia indeed, lika 
the forearm, composed of two parallel prismatic bonea, 
artionlated together above and below, and having their 
shafts connected by an interosseons membrane. Bat. 
with respect to the precise analogies of these two bonesi 
different opinions are entertained by anatomists, the tiMa 
being compared by aome to the nlna, and by others to 
the radius. At its npper estremity the tibia certainly 
resembles the ulna ; becaaae it is in a line with the inner 
aide of the bone above, and becnuse moreover it pos- 
sesses, in the patella an appendage analt^ous to the 
olecranon. At its lower extremity, on the contrary, the 
tibia resembles the radius hrst, because it contnbnt^ 
more than the fibula to the ankle-joint, aa the radina 
oontribntes more than the ulna to the wrist; secondly, 
and chiefly, because it is in a hne with the great toe, as 
the radius is with the thumb Here, therefore, it most 
be admitted that the inalogy of the two limbs is some- 
what obscure. It la, howover, imposaible to dii<|)ute the 
resemblance between the malleoli of the ankle-joint and 
the styloid processes of the wrist; between the cuboid 
bones of the tarsus and those of the carpua ; between 
the cylindrical bones of the metatarsus and those of the 
metaearpua ; and, finally, between the phaJanges of the 
fingers and toes. 

438. If these strong analogies between the upper and 
lower extremities compel us to admit that they are 
formed in a common type, their numerous and important 
differences are, on the other hand, sufficient to prove that 
that type has ondei^one considerable modifications, to 
adapt it in each case to particular functiona. This ia a 
fwint on which we have already had occaaion to dwell 
(893) ; and we need here, therefore, only remind the 
student (bj; way of recapitulation,) that the bones of tha 
arm, in which medom, awiftneas, and dehcacj of motion, 
are the principal requisites, present slender shafts, shal- 
iow articulatioua, aiw. B^iort Yt'Wft**^ ^^ the attachment 
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of muscles : while in the leg, which is designed to sustain 
a heavy pressure, and to perform motions of limited 
range, and rather forcible than rapid, we find more 
massive and heavier columns, longer processes of lever- 
age, and, of the joints, some entirely done away with, 
others but slightly moveable, and the remainder ren- 
dered more secure by increase of depth, or expansion of 
surface. 
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